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THE PUBLISHERS BEG LEAVE TO CALL THE ATTENTION 
OP THE PUBLIC TO THE FOLLOWING UNSOLICITED NO- 
TICES OF THE ELEMENTARY GEOLOGY, FROM GENTLE- 
MEN EMINENTLY aUAUFIED TO JUDGE OF ITS MERITS. 



From Gideon A. Mantelt^, LL.D. F.R.S. F.G.S., &e. &o. Lonimk, 
Author of the Wonders op Geolost, &e. 

" I have olitained a copy of year Tnaliie on Qeology, It it an ft«lmt|^Hf 
work. It has been my carriage companion for some tmie." 

From Prof. B. Siluman, LL.D. op Yale Collbob. 

" I am ^atly in fault in not having answered your kind letter of Auff« 
SXHh. with a copy of your valuable work on Geology. I took the work wiui 
me to the west in the expectation of looking it over : and although I fidled 
to read it satisfactorily, I glanced at it enough to convince me of iu high 
value, and shall recommend it in my Lectures." 

Prom Prop. J. W. Webster, op Harvard University. 

" I have just received a copy of your * Elementary Geology,' for which I 
beg you to accept many thanks. I am thankful that you have found time 
to present us witli so excellent a view of the science, and shall recommend 
•he work warmly to the class attending my lectures. 

From Prop. C. Dewey, op Rochester, N. Y. 

" I introduced your Geology into our Academy. Part of it is hard reason- 
ing for minds not pretty well matured. Still it is so vastly better than any 
thing in the English lansruage with which I am acquainted, that I boast 
over it. It is admirable for the College course." 

From Prop. Henry D. Rogbks, op the University, op Pennsylvania. 
" I thank you sincerely for a copy of year work, and yet more for present^ 
ing us with an Rlemenlaiy Treatise on Geology in a form so well ailapted 
to the wants of instructors. Having for several years post felt the want of 
juflt such a book for my Class in the University, I hailed iU appearance 
with real satisfaction." 



From Prop. W. W. Mather, Gbologtst to one op the Districts op 

N. York, and to the State op Ohio. 

" I have examined your little work on Geolo«ry with much interest and 
satisfaction. It presents a large mass of matter in a smsll compaiw; is lucid, 
concise, and its materials are arranged in the most convenient form for the 
student. It seems to form a happy medium between the more element»Ty 
books for schools, and those for the more advanced students of geology. Its 
copious references to various works on geolojry, will he a great advantnge to 
those who choose to go to the original sources and dive deeper into the va- 
rious subjects discussed." 

From Prop. J. W. Bailey, op the Military Academy, West Point. 

*' I have recently perused with much pleasure, your Elementary Geology, 
and consider it a most valuable contribution to scivnce, and higrhly crevlitablo 
to yourself and our country. I am glad we have such a work to which to 
refer students. If I had know of your publication sooner, I should have 
adopted it as our text book : but the Class had already provided themselves 



with Ly^*8 work. I shall recommend its adoption next year, if as is almost 
certain, I meet with no work in the mean time better suit^ to our pecuHar 
wants at this Institution." 



From Prof. C. B. Adams, of Middleburt College. 

" Your elementary book on geology has afforded me great pleasure ; and 
I have, since our Catalogue was printed, adopted it as a text book.'' 



T%e following noHces of the work^ from among the many that have appeared^ 
have been selected from some of the leading periodicals of the country. 



From the American Journal op Science and Arts, for October, 1840. 
" The readers of this Journal and those who know the progress of Ameri« 
can Geology, are well aware of the important services Prof. Hitchcock has 
rendered to this branch of science^ through a period of many years, both by 
his laborious explorations and his written works. In the present instance, 
he has attempted to prepare a work which shall fill a vacancy long felt by 
the instructors of geology in this country, a work which, while it gives a 
good view of the progress of the science in other countries, draws its illus- 
trations mainly from American facts. From the rajrid glance which we 
have been able to bestow upon this performance, we should think that Prof 
Hitchcock had succeeding m imparting this feature to his book." 



From the American Biblical Repository, por October, 1840. 
" The appearance of this volume from the pen of Prof Hitchcock, will 
he pecnliarW gratifying to many in the community. It is designed to be 
used as a Text Book for classes in geology, in Colleges and other Seraina- 
nes of learning, and also, to supply the wante of the general reader, who has 
not the leisure to study the numerous and extended treatises that have 
been written on different heads of this subject. The plan of it, we think, k 
admirably adapted to the fint of these uses, and nearly or quite as well smted 
to the second." 



From the North American Review, for January, 1841. 

"PrefiMsor Hitchcock has been too long and favorably known to scientific 
men, both of the new worid and of the old, to make it necessary for us to 
say, with what ample qualifications he undertakes the Usk before him. His 
work is no * secondary formation,' based on the published works of European 
writers, but in every part bears the impress of acute and original olwerva- 
tion, and happy tact in presenting the immense variety of subjects treated in 
the following Sections into which the book is divided. 

"The fifth Section is devoted to Organic Remains. It occupies one fourth 
of the whole work, and is illustrated with the best cuts in the book. We 
▼Miture to say that there is not in our language so neat and compressed, yet 
•0 dear and correct, an account of the * Wonders of Geology.* " 
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PREFACE. 



In preparing this work, three objects have been kept jmnci- 
pally m view. The first was to prepare a Text Book for my 
Classes in Geoloey : the second, to bring together the materials 
for a Synopsis of Geology, to be appended to my Final Report 
on the Geology of Massachusetts, now in the press : And the 
third was, to present to the public a condensed view of the pre* 
sent state of geological facts, theories, and hypotheses ; espe- 
cially to those who nave not the leisure to study very extended 
works on this subject. In its execution, the work differs from 
any with which I am acquainted, in the following particulars. 
1. It is arranged in the form of distinct Propositions or Princi- 
ples, with Definitions and Proofs: and the Inferences follow 
those principles on which they are mainly dependent. This 
method was adopted, as it long has been in most other sciences, 
for the convenience of teaching : but it also enables one to con- 
dense the matter very much. 2. An attempt has been made to 
present the whole subject in its proper proportions; viz. its 
facts, theories, and hypotheses, with their historical and religi- 
ous relations, and a sketch of the geology of all the countries of 
the globe that have been explored. All geological works with 
which I am acquainted, either omit some of these subjects, or 
dwell very disproportionably upon some of them. 3. It is made 
more American than republications from European writers, by 
introducing a greater amount of our geology. 4. It contains 
copious references to writers, where the dinerent points here 
briefly disctXssed, may be found amply treated. 5. it contains 
a Palaontological Charts whose object is to bring under a 
glance of the eye, the leading facts respecting organic remains. 
Whether these peculiarities of the present work will be regarded 
by the public as improvements, important enough to deserve 
their patronage, time only can show. 

Type of two sizes is employed in this work. The most im- 
portant principles, facts, and proofs, are in larger type, to call 
the special attention of the student or reader : while many of 
the aetails and remarks are in smaller type. The subject is 
subdivided into the following heads ; whose abbreviations will 
not need explanation : viz. Definition: Principle: Description 
Inference: Remark: Proof: Details: Illustration, Where aa 
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inference depends upon several principles, I have added a synop- 
sis of all the proofs on which it rests. 

In European countries especially, and to a good degree in 
our own country, geology has become a popular and even fash- 
ionable study. In most of our higher Seminaries of learning, it 
is explained by at least a course of lectures. But in Institu- 
tions of a lower grade, it receives far less attention than its 
merits deserve. Why should not a science, whose facts possess 
a thrilling interest ; whose reasonings are admirably adapted for 
mental discipline, and often severely task the strongest powers ; 
and whose results are many of them as grand and ennobling as 
those of Astronomy itself; (such Astronomers as Herschel and 
Whewell being judges,*) why should not such a science be 
thought as essential in education as the kindred branches of 
Chemistry and Astronomy ? That all the parts of this Science 
are not yet as well settled as those of Astronomy and Chemistry, 
is no objection to making it a branch of education, so long as 
every intelligent man must admit that its fundamental facts and 
principles are well established. 
Amherst College^ 
Aug. 1, 1840. 



THIRD EDITION. 

In presenting thus early a third edition of this work to the 
public, I will only say, that I have done all in my power to in- 
troduce into it all the important discoveries and improvements 
which have been recently made in the science. 

To enforce still more strongly the remarks of Dr. Smith, in 
the unsolicited Introductory Notice of this work which follows, 
respecting the importance of an acquaintance with Geology to 
the minister and the missionary, I will quote a few sentences 
from the letters of two esteemed missionary friends, now in ac- 
tive service in distant lands. Rev. Justin Perkins, American 
Missionary in Oorooxpiah in Persia, under date of Oct. 1, 1839, 
thus writes. 

" Did not ray missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted 
to study geology, (of which I know very little,) so wonderfully 



♦ " Geology, in the magnitude and sublimity of the objecti of which H 
treats, undoubtedly ranks, in the fcale of sciences, next to astronomy."-^ 
Sir John HmckcU 
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interesting, in a geological point of view, does the face of Persia 
appear to me. Indeea, I often feel that this interesting and im- 
portant science has peculiar claims on American Missionariea 
Visiting, as they do, ail portions of the world, they enjoy oppor- 
tunities of contributing to it, with almost no sacrifice of time or 
effort, which are possessed by no other class of American citizens. 
I know not that I can better atone for my own deficiency in this 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in College, the high importance of their ob- 
taining a good practical knowledge of geology and mineralogy, 
while attending your lectures, as they would enhance their use- 
fulness, in future life. It is the combined light of all truth, 
scientific^ as well as religious, which is to render so perfect and 
glorious the splendor of millenial day !'' 

Rev. Ebenezer Burgess, Missionary at Ahmednuggur in 
India, writes under date of Nov. 1, 1841, as follows: 

^* Did I possess an intimate acquaintance with mineralogy, it 
would be of great use to me in going over the country. When 
we go out to evangelize, it is very pleasant to be able to geolo- 
gize and botanize : and such abilities render our trips far more 
subservient to the preservation of health. I think students err 
very much in not devoting to your depairtment (in College) the 
full amount of time which is allotted to it in the course of 
studies. Perhaps they do differently in these days of reform. 
Every individual, who has a moderate ability for such studies, 
could with a little system and resolution, and without detriment 
to his other studies, acquire that knowledge of these branches 
which would be of great value to him in after life, especially if 
he intends to be a missionary. There are times when an ad- 
ditional source of relaxation or amusement is worth just about a 
man's life. There is now an individual connected with this 
mission, who has been raised from a state of great debility and 
weakness, by turning his attention to botany and mineralogy : 
at least, such appear to be the means which God has used. Of 
all situations, the missionary in heathen lands most needs plea- 
sant sources of relaxation. When his mind sinks to a certain 
point under discouragement, or the weight of responsibility, if 
he has nothing with which to divert it, it begins to prey upon 
itself; and then there is no remedy but to leave the field." 

Amherst College, 
Apl 1842. 



CONTENTS. 



Page. 

IlTTRODUCTORY NOTICE BY Dll. PtE SmiTH. & 

SECTION I. 

A General Account of the Constitution and Structure of the Earth, 
and of the Principles on which Rocks are Classified. ... 13 

SECTION II. 
The Chemistry and Mineralogy of Geology 43 

SECTION III. 
Lithological Characters of the Stratified Rocks. . .' • . 51 

SECTION IV, 
Lithological Characters and Relative Age of the Unstratified Rocks. 68 

SECTION V. 
Palaeontology, or the Science of Organic Remains .83 

SECTION VI. 

Operation of Aqueous and Atmospheric Agencies in producing Geo- 
logical Changes. . . 164 

SECTION VII. 
Operation of Organic Agencies in producing Geological Changes. • 217 

SECTION VIII. 
Operation of Igneous Agencies, in producing Geological Changes. . 226 

SECTION IX. 
Connection between Geology and Natural and Revealed Religion. . S74 

SECTION X. 
The History of Geology 291 

SECTION XI. 
Geographical Gteology 304 



INTRODUCTORY NOTICE. 



BY DR. J, PYE SMITH, OF LONDON. 

• 

In a maimer unexpected and remarkable, the opportimity hat 
been presented to me of bearing a public testimony to tbe value 
of Dr. Hitchcock's volume, Elbmentarv GsoLoeT. This is 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the evan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the 
theoretical truths deduced from them, disposed in a method 
admirably perspicuous, so that inquiring persons may, without 
any discouraging labor, and by employing the diligence whjch 
will bring its own reward, acquire such a knowledge of this 
science as cannot fail of being eminently beneficial. It is no 
exaggeration to affirm that Geology has close relations to every 
Branch of Natural History and to all the physical sciences, so 
that no district.of that vast domain can be cultivated without 
awakening trains of thought leading to geological questions ; 
and, conversely, the prosecution of knowledge in this depart- 
ment, cannot fail to excite the desire imd to disclose the methods 
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of making valuable acquisitions to tlie benefit of human life. In 
our day, through every degree of extensiveness, from the peram- 
bulation of a parish to the exploring of an empire, travelling 
has become a " universal passion," and action too. < Within a 
very few years, the interior of every continent of the earth has 
been surveyed with an intelligence and accuracy beyond all ex- 
ample. Who can reflect, for instance, upon the activity now so 
vigorously put forth, for introducing European civilization, the 
arts of peace, the enjoyment of security, and the influence of the 
most benign religion, into the long sealed territories of Central 
Asia, and not be fllled with astonishment and delightful anticipa* 
tion ? Similar labors are in progress upon points and in direct 
tions innumerable, reaching to the heart of all the other vast 
regions of the globe : and the men to whom we owe so much 
and from whom so much more is justly expected, are ^olpgists, 
as well as transcendent naturalists in the other departments. 
Whoever would run the same career must possess the same quali- 
fications. Even upon the smallest scale of provincial travelling 
for health, business, or beneficence, acquaintance with natural 
objects opens a thousand means of enjoyment and usefulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel. To the pastors of rural congrega- 
tions, no means of recreating and preserving health are compara- 
^ ble to these and their allied pursuits ; and thus^ also, in many 
temporal respects, they may become benefactors to their neigh- 
bours. In large towns the establishment of libraries, lyceums, 
botanic gardens, and scientific associations, is rapidly diffusing a 
taste for these kinds of knowledge. It woul^ be a perilous state 
for the interests of religion, that " precious jewel" whose essen- 
tial characters are '^ wisdom, knowledge, and joy," if its pro- 
fessional tieachers should be, in this respect, inferior to the young 
and inquiring members of their congregations. For those ex- 
cellent men who give their lives to the noblest of labors, a work 
which would honor angels, ^* preaching among the heathen the 
unsearchable riches of Christ ;" a competent acquaintance with 
natural objects, is of signal importance, for both safety and use- 
fulness. They should be able to distinguish mineral and vege- 
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table products, so as to guard against the pernicious and deter> 
mine the salubrious ; and very often geological knowledge will 
be found of the first utility in fixing upon the best localities for 
missionary stations ; nor can they be insensible to the benefits 
of which they may be the agents, by communicating discoveries 
to Europe or the United States of America. 

To answer these purposes, and especially in the hands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitchcock appears to me especially suited. Though I 
flatter myself that I have studied with advantage the best £ng- 
dsh treatise on Greology, and find ever new improvement and 
pleasure from them ; and have also paid some attention to French 
and German books pf this class ; I think it no disparagement to 
them to profess my conviction that,, with the views just men- 
doned, this is the book which I long to see brought into exten- 
sive use. The plan on which it is composed, is difierent from 
chat of any other, so far as I know, in such a manner and to 
such a degree, that it is not an opponent or rival to any of 
vhem. Yet, in this arrangement of the matter, there is no 
affectation : all is plain, consecutive and luminous. It is more 
comprehensive with regard to the various relations and aspects 
of the science, than any one book with which I am acquainted ; 
find yet, though within so moderate limits, it does not disap- 
point by unsatisfactory brevity or evasive generalities. Such 
is the impression made upon me by the first edition of the 
'< Elementary Geology," and I cannot jsntertain a doubt but 
that the ample knowledge and untiring industry of the author 
will confer every practicable improvement upoli his proposed 
new edition. ' 

I received a deep conviction of the Professor's extraordinary 
merits, from his '* Report" upon the Geology, Botany and Na- 
tural History generally, of the Province of Massachusetts, made 
by the command of the state government; a large volume, 
published in 1833, and the second edition in 1835: and from 
his papers in the " American Biblical Repository," which ^ere 
of great service to me m composing a book on " The Relation 
between the Holy Scriptures and some parts of Geological 
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Science." But I did not till recently know that he was a 
^^ faithful brother and fellow-laborer in the gospel of Christ." 
An edifying manifestation of this, it has been my privilege to 
receive, in Dr. Hitchcock's '• Essay and Sermon on the lessons 
taught by sickness," prefixed to '^ A Wreath for the Tomb, or 
Extracts 'from Eminent Writers on Death and Eternity." It 
is my earnest prayer that great blessings from the God of all 
grace may attend the labours of my honoured friend. 

J. PYE SMITH. 
Homerton College, near Lcmdon^ 
March 16, 1841. 
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Section I. 

A GENERAL ACCOUNT OF THE CONSTITUTION ANI> STRUCTUKB 
OF THE EARTH, AND OF THE PRINCIPLES ON WHICH 

ROCKS ARE CLASSIFIED. 

Definition. Geology is the history of the mineral masses 
that compose the earth, and of the organic remains which thej 
contain. 

Remark 1. Some writers divide Geology into two branches; 1. Oeog" 
nosy^ or Positive Geology, which embraces only the known ftcts of the 
science. 2. Creogony^ or Speculative Geology, which attempts to point 
out the causes of those facts, and the inferences that result from them. 
See TraUe EUmenUdre de Geologie par M. Rozel: Discours PreUmi- 
nairey p. V. Also, Diet. Classique £ Hist. Naturelte : Art, Geologie, 
Others make three divisions. 1. Physical Geography. 2. Geognoinr. 3. Ge- 

Srony. See Elements de Geologie^ par J. G. Omalvus H Hobmi^ p, 1. 
thers embrace all legitimate theoiy under Geogony, and confine the 
hypothetical part of the subject to Geology. See T)abUa% des TWrainSj 
par Alexandre Brongniart^ p. 2. But these distinctions are of httle im- 
portance, and not much used by English and American writers. 

Rem, 2. A very philosophical and excellent division of Geology is pro- 
posed by- Professor Whewell. 1. Descriptive^ or Phenomenal Chujlogy^ 
embraces the facts. 2. Geological Dynamics gives an exposition of the 
general principles by which such phenomena can be produced. 3. Physi- 
cal Geology states the doctrines as to what have been the causes of the 
existing state of things. History of the Inductive Sciences^ Vol. 3. p. 488, 
London, 1837. 

Rem. 3. A division of geology of some practical value is the following. 

1. Economical Geology, or an account of rocks with reference to their pe- 
cuniary value, or immediate application to the wants of society. 

2. Scenographical Geology, or an account of rocks as they exhibit them- 
selves to the eye in their general outlines : in other words, an account of 
natural scenery. 

Observaf'ion. With the exception of vegetation, natural scenery is all 
produced by the roCks that constitute the surface: and the geologist 
can often determine the nature of rocks by the peculiarities of their great 
outlines. 

3. Sdentijic Geology^ or the history of rooks in their relation to science, 
or philosophy. 

Drf. Every part of the globe, which is not animal or yegeta- 
ible, including water and air, is regarded as mineral. 

J)ef. The term rockj in its popular acceptation, embraces only 

2 



14 STRUCTURE OF THE EARTH. 

tbe solid parts of the globe : but in geological language, it in 
eludes also the loose materials, the soils, clays, and gravels,— > 
that cover the solid parts. 

Principle. The tbrm of the earth is that of a sphere, flat- 
tened at the poles: technically, an oblate spheroid. The polar 
diameter is about 26 miles shorter than the equatorial. 

"Ptoof 1. Measurement of a degree of the meridian in diflfeFent lati- 
tudes. 2. Astronomical phenomena; particularly the precession of the 
equinoxes. 

Inference. Hence it is inferred that the earth must have 
been once in a fluid state ; since it has precisely the form which 
a fluid globe, revolving on its axis with the same volocity as the 
earth, would assume. 

Prin. Taken as a whole, the earth is about five times heavifer 
than water ; or 2.5 times heavier than common rocks. 

Proof 1. Cdreful oliaervationa up(Mi the relative attracting power of par- 
ticular mountains and the whole globe, with a zenith sector^ 2. The disturb- 
ing effect of the earth upon the heavenly bodies. 

Inf. We hence learn that the density of the earth increases 
from the surface to the centre : but it does not follow that the 
nature of the internal parts is different from its crust. For in 
consequence of condensation by pressure, water at the depth 
of 362 miles, would be as heavy as quicksilver ; and air as heavy 
as water at 34 miles in depth : whue at the eentre, steel would 
be compressed into one fourth, and stone into one eighth of 
its bulk at the surface. Mrs. Somerville's Connexion of the 
Physical Sciences^ p. 91. Piflh London Edition. 

Description. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozct, p. 86. 

Descr. The highest mountains are about 28,000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la Beckers Manual of Geology^ p. 2. 
Third EdiUon. 

Ddails. The height of a few of the most elevated mountains on the 
globe is as follows : See Encyclopalia of Geography^ Vol. 3. p, 605. 
Himmalayah Mountains, E. Indies, 27,677 feet. 

Rocky Mountains, 12,000 " 

Mouna Kea, 18.000 " 

Chimborazo, Andes, 21,000 « 

Ararat, 17,700 " 

Mount Blanc, Europe, 15,668 " 

Descr. The mean depth of the ocean is probably between 
two and three miles. I)e la BcchJs Man. Geo. p. 2. It has 
been calculated from the phenomena of tides that the Atlantic in 
its middle part is above nine miles deep. Phillips s Geology, p. 
23. Edinburgh^ 1838. 
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Inf. Bence it appean that the present dry land m 
spread over the bottom of the oct,an, so thdt the glohe she 
entirely covered with water. For nearly three fourths c 
surface is at present submerged. 

Obs. While the great lakes of North America are elevated some of them eren 
600 feet above the ocean, some of the inland seas of Asia are sunk below iti 
level. It seems to be at last settled that the Caspian Sea is 108 ieet below 
the Black Sea. lAjelCs Pmidples of Geology ^ VoL 1. p. 267, Second Amen- 
can^ from the Sixth London Edition^ Boston^ 1842. The Dead Sea in 
Palestine is sunk still more below the Mediterranean^ as liumerous obser- 

. vations prove : but as they are all barometrical, they vary exceedingly, from 
600 to 1400 feet, BibUcal Researches in Palestine, 4*^., ty Messrs. Robinson 

"and Smith, Vol. 2. p, 222, Boston, 1841 : Also Ainencan Jour» Science^ 
Vol. 42. Jan, 1842, p, 215.* 



Stratification, 

Def. The rocks that compose the globe are divided into two 
great classes, the Stratffied and Unstratified. 

Def Stratification consists of the division of a rock into 
regular masses, by nearly parallel planes, occasioned by a pecu- 
liar mode of deposition. Strata vary in thickness from that of 
paper to many yards. 

Obs. Strata are oAen very tortuous and sometimes quite wedge shaped. 
Nevertheless, the fundamental idea of stratification is that of pandlelism in 
the layers. MaccuUodi^s ClassifiaUion of Rocks, p. 100: also his System of 
Geology, Vol. I. p. 67: also Gfiejumgh^s Geology, chap. 1. 

Def. The term stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are called 
beds or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge 
shaped, included between the layers of a more extended rock ; as 
a bed of gypsum, a bed of coal, a bed of iron, &c. In this case 
the bed is sometimes said to be subordinate. 

Def. When beds of different rocks alternate, they are said 
to be interstratified. 

Def. A seam is a thin layer of rock that separates the beds 
or strata of another rock : ex. gr. a seam of coal, of limestone, &c. 

Descr. A bed or stratum is often divided into thin laminss, 
which bear the same relation to a sinde bed, as that does to the 
whole series of beds. This division is called the lamination of 
the bed ; and always results from a mechanical mode of deposi- 
tion. The appearance of fissility which it eives to a rock, is 
often deceptive ; since the layers separate with great difficulty, 
This is especially true in gneiss. 

Descr. The lamination is sometimes parallel to the planes of 

* See note A. Addenda. 
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LAHIKATION. 



stratification * sometimes they are much inclined to each' othctrj 
and often it is undulating and tortuous. 

Fig. 1., shows the different kinds of lamination. 

Fig. 1. 

TVithout Laming. 

With waved Lamine. 

Finely Laminated. 
: Coarsely Laminated. 
W////////y//^^/y Obliquely Laminated. 
■ ' ______^^ Parallel Lamine. 

Fig. 2, is a case of very contorted lamination, in a stratum of gneiss 
two or three feet thick, copied from a loose block in Colebrook, in Con- 
necticut 

Fig. 2. 





Contorted Lof/tinai of Gneiss : Colebrook^ Ct. 



Fig. 3, represents a bowlder of mica slate, 5 feet high and 6 feet broad, 
lymg on the east side of the river stage road in Lyme, New Hampshire, north 
of the centre of the town. It will be seen, that in the upper part, where the 
lamine have been bent most, there is a crack. In the lower part axe two 
lai^e tttberculous masses of quaitsE. 



LAKINATIOM. 

Fig. 3. 



ginally 



ToTtuatiliei in Mica Stale: lijski, K. llumpt}iire. 

The laminiE of beds could not have been deposited o 
posilion shown in the preceding figure 



nence the flexure must liave been the result of bc 
opeiation. . 

Inf. Hence the layers at some period after their deposition, 
mnst have been in a state so plastic that they could be bent 
vrithout breaking. 

Origin of the varieties of Lamination. 

Causes. All the Itmiination of stratified rocks was undoubt- 
edly produced originally by deposition in water, and the va- 
rieticg have resulted from modifying circumstances. 1. The 
parallel lamins are the result of quiet deposition upon a level 
surface. 2. The waved lamination, in many instances, is nothing 
but ripple marks ; such as are seen constantly upon the sand and 
mud at the bottom of rivers, lakes, and the ocean. In the sec- 
ondary rocks this is too manifest to be mistaken. 3, The ob- 
lique lamination has generally been the result of deposition upon 
B steep shore, where the materials are driven over the edge of 
an inclined plane. 4. Highly contorted lamination has often r*- 
sulted from lateral and vertical pleasure, as illustrated by 
Fig. 4. 
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ORIGIN OF CONTORTED LAHII^ATION. 



Fig. 4. 




lUiistration. If pieces of cloth of 
different colors be placed upon a ta- 
ble c, and covered by a weight, a, 
and then lateral forces b, b^ he ap- 
plied ; while the weight will be some- 
what raised, the cloth will be folded 
. and contorted precisely like the lami- 
\^^ nsB of many rocks ; as is shown in 
^ the_figure. 



Prin. The agency of water 
and heat is sumcient to bring 
rocks, in nearly every known case, into that plastic state which 
is necessary to make them bend without breaking. 

Proof. 1. Water alone renders day eminently plastic; and it imparts a 
degreaof plasticity to nearly every. variety of unconsolidated strata; so that 
this, without heat, may have prepared all such strata for the flexures which 
they exhibit. Water also renders some solid rocks quite flexible ; as lime- 
stones and sandstones ; and it penetrates very deep into the solid crust of the 
globe ; so that some of the flexures, even in the solid rocks, may have been 
produced by forces acthag upon them when saturated with water. 

2. Flexures are the most abundant and extensive in the vicinity of rocks 
that have been melted. And it is admitted that all the older stratified rocks 
have beeii exposed more or less to the influence of heat from the unstratified ; 
and it is also true, that rocks may be heated almost to the melting point 
without destroying their stratified and laminated structure. So that in 
heat, we have a cause sufficient to prepare rocks for any possible degree ot 
contortion. 

"Prin. Volcanic forces hav6 operated from beneath upon most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of drift, &c.,*ha8 bent them downward; 
gravity and other agencies more local, have produced a lateral 
pressure ; especially when the strata were hignly inclined : and 
these various agencies will account for nearly every case of flex- 
ure, not only of the laminae, but of the beds also. But more on 
this point further on. 

Descr. In clay beds containing disseminated carbonate of 
lime, we frequently find nodules of argillo-calcareous matter, 
sometimes spherical, but more usually flattened. These are 
generally called clay stones^ and the common impression is, that, 
they were rounded by water. But they are unquestionably the' 
result of molecular attraction. The slaty divisions of the clay 
extend through the concretions : and on splitting them open, a 
leaf, or a fish, or some other organic relic, is frequently found. 
In New England, however, both the slaty cleavage and the .or- 
gfiiUc nucleus are usually wanting. 
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Rem. In England theie dayaUnM m 
nrneJ in a laihe, aoJ lo have been lucd Tor money, lii Ma country Ihcj 
lie UBualjv thought to be the work oTwalcr, or oftbe Bborigiiiea. I find Ibat 
hose of New Englnni) hive al Iraat six predominuil (bimj. Final fbpert 
■n Ou Otolegy ef MasaaciyaeUx, Vd. 3. p. 410. 

Fig- 5- 



Fig. 5, will eoniey an ide* of the 
manner in which then concietioiu ire 
I aituBied in thi day. 

Descr. Similar concretions abound in alliaceous iron ore, 
tchicli is often disseminated in clay beda oc ghale. Theae no- 
dules, are usually made up of concentric coats of the ore : but 
sometimes the slaty structure of th« rock containing them, ex< 
tends through them, and organic relics are found to form their 
nucleus. 

Fig. 6. repreaenla a concretion of hydrate of iron from the clay clifls of 
Gay Head in Masaaehusf^tta. The niia consists of a [xece of lignite, and it* 
reaemblance to a pear ia very atiiking: or rather to a large garden equuh: 
loi it* diameter is more than aevcn incbn. 

Fig. 6. 



CcmcTtlhn Iff Irm Ore: Gas Head. 

Deser. The internal parts of these concretions of limestone 

ind hydrate of iron, often exhibit numerous cracks, which some- 
times divide the matter into columnar masses, but more fre- 
quebtly into irregular shapes. When these cracks are lilled 
with calcareous spar, as la often the case ia calcareous concro' 



DITISIONAL STRtTCTDREa. 



Fig. 7. tions, they take the name of iudvi htl- 

motUii, turtle Hones, or more frequent- 
ly of seplaria. From these is prepared 
\ in England the famous Roman cement 
' -, Fig- 7, is 8 section of one of these. 

, DescT. Certain hmestones called oolites, 
are often almost entirely compOEcd of con- 
cretions mode up of concentric layers : 
but the spheres are rarely so large as a pea. 

DescT. The concretionary structure, however, often exists in 
limestone on a very laige scale, forming spheroidal masses not 
only many feet, but many yards in diameter. 

Divisional Strur.lures. 

Def. Both the stratified and unstratified rocks ore traversed 
hy divisional planes, called joints ; which divide the mass into 
detenninata shapes, which are different from beds and their 
laminffi. Those only which occur in the stratified lOcks will be 
here noticed. 

Descr. The mtftt important of these joints, called master- 
joints, are more or less parallel, and so extended as to imply 
some general cause of production. 

Descr. When these joints cross the beds obliquely, as they 
usually do, and there are two sets of them, they divide the rock 
into rhomboidal masses of considerable regularity ; though 
warrting'in that perfect equality, in the corresponding angles of 
the prisms which is found in crystals of a simple jnineral 

Vva. 8 and 9, are examplei : the Sret from ibe uncnaBolidoled clay bcda 
of West Springfield in MMiachmettB, aaJ tb« httcr from (he gneiu of 
MtmsoQ ID the aajno Stole. 



Fig. 8. 



Fig. 9. 
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Deter. Other divisional |dsneg sepaiate the rock into imenW 
fTa|;meats : and sometimes the fissures ara filled with ealcax^ 
oiu spar, or othei jnineral substanca. 

Cleavage.. 
Fig. 10. Descr. Some rocka are divided hjr a set of 



22 ORIGIN OF DIFFERENT BTRUCTURES. 

Descr. Strata and laminae may be distinguished from joints 
and cleavage, 1. By the alternation of different materials in the 
former. 2. By a difference of organic remains in the succes- 
sive layers. 3- By ripple marks and tortuosities. 4. By a dif- 
ference in color of successive portions of the rock. 

Descr. Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jointed structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage. 2. The portion of rock 
included between two joints is not capable of a subdivision by 
parallel planes; but in cleavage the subdivision may be carried 
on to an extreme degree of fineness. 

Otigin of the different Structures in the Stratified Rocks; 

First Cause. Origini)/ depo9itiort from water. This will explain all the 
phenomena of stratification and lamination. 

Second Cause. Desiccation. By contracting the mass of the rock, it is 
compelled to separate into fragments : but this can explain only some of the 
more irregular divisional structures, such as those of septaria and iron stone. 

Third Cause. A mechanical force acting beneath, by which fissures are 
produced, either parallel or radiating from a centre, or without symmetry in 
their direction. This may explain some varieties of joints. 

Flimrth tktuse. Heat. This must be supposed intense enough to give so 
much of mobility to the particles that they can obey molecular attraction, and 
assume a partially crystalline form. In this way, probably nearly every case 
of cleavage was produced, and miny cases of a jomted structure. 

Fifth Cause. Water. If by this agent the particles can be made to move 
among one another, — (as they will do even by partial diffusion,) — they can 
then assume a crystalline arrangement, as in the case of heat. And the 
example of distinct joints, which I have given in Fig. 8, occurring in uncon- 
solidated horizontal clay beds, seems to require such a cause as this for its 
explanation ; although 1 have seen no similar case described by writers on 
geology. But in West Springfield and Deerfield in Massachusetts, these 
joints are very numerous and distinct ; occurring, however, in only a few of 
the layers of clay, while those above and below are unaffected. This clay 
has certainly never been subjected to any great degree of heat, being of very 
recent origin. 

Sixth Cause. Galvanic Electricity. The recent experiments of Mr. Robert 
Weare Fox of Great Britain, show that clay, subjected to a long voltaic 
action becomes laminated, so as to resemble clay slate in its structure. Very 
probably an electric agency is essential in those cases where heat and water 
seem to produce the effect ; and that these latter causes operate chiefly b> 
exalting the electricities and giving mobility to the particles. 

Rem. In the difficult subject of the structure of rocks, I have followed 
chiefly the original views of Professor Sedgwick, in his paper on the slate of 
England and Wales, in the Geological Transactions^ Vol. S, p. 461, Second 
Series. Also Prof. John Phillips, in his TYeatise on Geology ^ 2 Vols. London^ 
1837 and 1^09; also Mr. Lyell, in his Elements of Get&gy. The subject 
will probably need still farther attention before it \a perfected. Yet much 
has been done. 
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VEINS. 



Descr. The unstratified rocks occur in four modes^ 1. As 
irregular masses beneath the stratified rocks. 2. As veins cross- 
ing both the stratified and unstratified rocks. 3. As beds of 
irregular masses thrust in between the strata. 4. As overlying 
masses. All these modes are shown in Fig. 12. 

Rem, The phenomena of veins, being very important, requires a more 
detailed explanation. 

Def. Veins are of two kinds. 1. Those of segregation. 2. 
Those of injection. The former appear to have been separated 
from the general mass of the rock by elective affinity, when it 
was in a fluid state ; and consequently they are of the same age 
as the rock. Hence they are often called contemporaneous veV^. 

IHus. Fig. 13, represents a bowlder of granitic gneiss, in Lowell, about 
five feet long, traversed by several veins of segregation, whose c&mp<raitiDn 
difiTers not greatly from that of the rock, except m being harder and more 
distinctly granitic. Where veins of this description cross one another, they 
coalesce so that one does not cut off the other. The surface of the ^eiss 
near Merrimack river in Middlesex County is often covered with reticuli^ 
tions produced by veins of this description. 

Fig. 13. 




Veina of Segregation in Gneiss : LotteU. 



Obs, tdaartz veins are usually veins of segregation. But I have seen some 
of this description in Massachusetts a foot or more in J|||^^ perfectly straight 
and continuous, for a great distance through talcose s^lP^at are with diffi- 
culty referable to such an origin. » 

Def. The second class were once open fissures, Which at a 
subsequent period, were filled by injected matter. 



TXIMS ATn DYKII. S& 

Deter. Tetmi of wgiegatioD an freqaently insnlatvd in tha 
ooDtainiDg rock ; they pass at their edeea by insensible gradation! 
into that rock ; and are sometimes tu berculai or even nodular. 

Dticr. Injected veina can often be traced to a large mass of 
similar rock, from which, as they proceed, they of^n ramify and 
become exceedingly fine, until they are lost Usually, especial- 
ly in the oldest rocks, they are chemically united to the walls of 
the containing rock ; bat la^e trap yeins haye often yery little 
BdhesioQ to the sides. 

u piotruding fiiHn & large mmofgranitbiDta 

Fig. 14. 



Gnmllc Feint in Bornbtimle Slale .- C 



Def. The large veina that are filled with trap rock oc recent 
kya, are usually called di/kes. These differ from true yeins, 
also, in rarely sending off branches. 

Inf. It is bence inferred, either that the matter of dykes was 
less fluid, because leas hot, than granite, or that the rocks through 
which veins peas, had a higher temperature than those into 
which dytea were injected : so that the latter sooner cooled the 
fluid matter than the former. Hence, when the small lateral 
fisaures .were produced, as they probably usually were by the 
heat of the injeeted matter, the granite flowed into them, while 
the trap had beeome too hard 

DescT.' Trap dyhea are aometimes several yards wide, and ex- 
tend 60 or 70 miles ; as in En^and and Ireland. 



26 ORANITE VEIN!. 

Deser. Dykes and veins frequently cross one anotlieT; 
and in such a case, the one that is cut off, is regarded as tlie 

oldest 

Jlrm, UnJoubtfJly IhU nile, in generil, can be dqiended on for deter- 
mining the relative tee of injecled veins. Yet il ifl easy to conceive how 

0. vein or conaideraBlc size might be filled with matter not verj fluid, 
wilhout filling all the lateral fiasum; and ahoald theae be anhaequentl; 
filial with more perfectly fluid matter, they would appear lo be cut off by 
Ihci larger veinj' anJ hence, by the rule, be regarded aa the oldest, al- 

Prin. By this rule it may be sliown that granite has been 
erupted at no less than four different epochs. 

H™. I do not find any Eur, 
epochs of the eruption of eranit 

1. p. 137. 
rim. Pig. 15, rfpresents a bowWef of granite in Weathanipton, Masa,, 

whose baee was the product of the carlieet epoch of eruption. This it 
traversed by the granite vein, a, a; a, which waa injected at a second 
epoch ; i, ia a graniw vein culling a, and therefore produced at a third 
epoch ; while b. as well aa a, ate cut <iS by the granite veins c, and d, 
of a fourth epoch. 



Fig, 15. 



Pnn. By the same rule can be proved 
of the trap locks. 

FItis. Fig, IS, iihoWB Hvcrsl interesting leina io svenite in Ihe north 
part of Cohassrt, Mass. No. I, is the bans of ayenltc. No. 2, a dyke of 
porphyry, 10 feet wide. No. 3, dykea of common grrenalone, the largetf 
SO feet wide. No. 4, dykea of common greenatone, 5, 6, and 8 feet wide. 
Here then we have lour aucceMive opochi of eraptioa. 



OTKES IN 8TSRITX. 
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Dykea in Syenite : Cokaatet^ Man, 

Fig. 17, exhibits veins in metamorphic gneiss on the sea shore in Bev- 
eriy, Mass. The gneiss, is almost converted into syenite. No. 1, is a vein 
of granite. No. 2, dykes of common greenstone. No. 3, dykes of por- 
phyritic greenstone. These l»st are obviously the oldest; and one of them 
i8 very much displaced. 

Fig. 17. 




Dykea in Metamorphic Gneim : Beverly^ Mass. 

Descr. In one remarkable example of veins of different 
kinds, I have been able to trace eleven epochs of the eruption of 
unstratified rocks. {See Plate 2.) 



28, DTKSS IN SALBM. 

« 

Uku. This case is in the c;ty of Salemi Mass., near the entrance of 
the bridge leading to Beverly on the west side. The basis rock, No. 
1, is syenitic greenstone. The oldest vein, or dyke, (2) is greenstone, a 
few inches wide. Nos. 3 and 4, are veins of reddish granite, — nearly all 
felspar, which cut across the greenstone dyke. No. 2. These are very 
numeroas ; much more so than is shown upon the drawing ; and of very 
irregular width, — often branching out into strings a mere line in breadth. 
They belong to at least two epochs of eruption : fox some of them are cut 
off by the others, and probably still more eruptive epochs might be traced 
among them: but they are so complicated that I have not been able to 
do it. No. 5, is a dyke of greenstone, which cuts off 3 and 4. No. 6, 
which is 40 inches wide, is porphyritic greenstone, and cuts off No. 5. A 
■mall dyke and nearly parallel, a little to the left, appears to be of the same 
age. No. 7, is porphyritic greenstone cutting off No. 6. No. 8, (of which 
there are two running nearly parallel,) intersects Nos. 5 and 7, and is granite 
or felspar. No. 9, consists of two large dykes of greenstone, which cut off 
all the others that have been described, except No. 8 ; and perhaps this also: 
but the intersection is covered by soil. No. 10, of which there are small 
veins near the bottom of the sketch, and near the top, and is of the same 
kind of granite as Nos. 3 and 4, intersects nearly «dl the preceding veins. 
Finally, No. 11, consists of the same kind of jgranite veins, a mere line in 
width, running diagonally across the sketch. The whole space represented, 
is 36 by 27 feet, and the lower part of it is covered by the ocean at high 
tide, and the upper surface by soil. 

I have spent a good deal of time in examining this complicated and very 
interesting net work of veins and djTkes ; and I cannot see why we have not 
evidence here, of the extraordinary fact — unique so far as I know — of eleven 
successive eruptions of granite and trap rock. Or if we regard the basis rock 
as metamorphic ; — that is, formed by the fusion of gneiss j — and It may be so, — 
still, VYC have ten subsequent injections ! 

Descr, Veins and dykes usually cross the strata at various 
angles. But not unfrequently for a part of their course they 
have been intruded between the strata; and hence have been 
mistaken for beds, and have given rise to the inquiry whether 
granite is not stratified. 

Descr, Dykes are usually nearly straight; but granite veins 
are sometimes very tortuous. 

lUus, Fig. 19, shows two small but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Mass. If these are injected 
veins, as they appear to be, it is extremely difficult to account for their 
tortuosity. 



VKANITK TKINO. 

Fig. 19. 



Ftim in JlBtoHom Liia^u 


™.- cw™;B,jMi». 


Fig. 20. 










■ a graniro vein only 
i;, oneeighlhofeninch 




g. Ihicfc, conbrming to 




1 the B«iU[e. of mic> 




^ slate in Canwaj, Ma. 




» Peth.p. .hi. ,nay b. 
r « 8fgwg.ted vein. 





Fig. 3l, (sFe next pn^) is > tortuous v«ln of gn'nite in talcoas ilate in 
Ch^Mer, Man., whkh does not ctmlbrm to the flciunw of the date. It it 
poniblo, however, that it may cormpond lo the original curves ofjepoaitton, 
Uid that tbp pre^nt elaty atructure ia ^upeiladuceJ ; though I have atrong 
reasone to think (hul this is not the r.aae. 

Descr. In modem volcanos the lava is ejected from circular 
vents, called cratera. But the older unstratified rocka, although 
evidently of volcanic origin, appear to have been protruded 
along extended fissures, either across the strata, or in the aama 
direction as their strike. It is possible, hoivever, that craters 
did once exist, but have been swept away by powerful denuda- 
tion of the surface. 

B^ra'pU. A range ofgreenfllone commencps atTHew Ilaven in Connecli- 
cut, and runs diBi<nn«lly ncro^ the v»ll.-y of the Connnctieul, until it tern^i- 
natee in Hampehire Counlv iu Rlasfiichu?. Its. It must he 7I> or 80 milea in 
length, and one or two in breadth, and it rimtiirma generntly lo the strike af 
the aandatone. Similar ranofs exist in New Jersey. 

DescT. The unstratified rocka, especially when exposed to the 
weather, are usually divided into irregular fragments by fiasures 
in various directions. 

Deser. Sometimes, howorer, these rocks have a concretionary 
■tructnre on a Inrge scale ; that is. they are composed of con- 
creted Uyerz! whoiie curvature is soaietimea ao slight, that they 
aie misliikeu for strata. 



caNCRXTEfi BTRITCTURZ. 

Fig. 21. Oil. Cu« of tiiia (Hirt cui be &tin< 

""■-'"sd from Btralificalion, first by the 

;te<l (liviiionB not pitcuiiing Ihroogh 

'hole [Ock-, secondly, b; the want 

uninai or alal; Btructuie in the p&- 

im. A fine eiuaplo of tMa COD- 

ElrDctiiro occurs at one of the 

OB in syenite noar Sandy Bay on 

Ann. Another occurs in granite, 
i granite quarry in the hiU ea»t 
I village of Worcester. Another in 
lurg. Another in Ibe trap rock at 
nt. 

if. An intereating Tariety of 
«d structure in aome of tbe un- 
ified TOcks, is the prismatic oi 
nnar, by which large masses of 
i are divided into regular form^, 

a few inches to several feet in 
eter ; but with no spaces be- 
D them. 

escr. The layers of the strati- 
rocks are sometimes horizontal; 
Bore frequently they are tilted 
3 as to dip beneath the hoTizon 
■ery po!!sibIe angle. 
ef. The angle which tbe sur- 

of a stiatum makes with tbe 
3 of the horizon is called its 
nation, or dip ; and the direc- 

of its upturned edge is called 
'jike or hearing. 

t. or course horiionial strata have 
St aliike nor dip. 1'he exposure of 
Uum at the Eurfsce is called in tha 

lage of miners, its nil-crop or bai- 

'escr. Aa a general fact, tha 
it or higher rocks are less in- 
>d than those below. The high- 
re usually horizontal j while the 
?t are often perpendicular. 

». This admits of tiio many dcfiition* 

enifjloyrd as a means for drieriuining 

i^e of rocks. Tbus, a contidrrable 

.. of the £Dtui locki of New EngUnd 
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(osoally the oldest of tbe stratified rocks,) has a less dip Hbvi the ffiwidirttwiwn, 
or even than some of the tertiary rocks of the same region. 

Descr, The instrument employed foi ascertaining the dip of 
a stratum, is called a cliiMmeter. Every geoloeist, however, 
ought to be able to determine the dip with sufficient accuracy 
for most purposes by the eye. A good pocket compass will an- 
swer for nnding the strike. 

Descr. Unstratified rocks do not probably occupy one tenth 
part of the earth's surface. 

Descr. In Great Britain, says Dr. Macculloch/ " they do not cover a thoQ- 
sandth part of the superficies of the island." In Massachusetts, they occupy 
nearly a quarter of the surface. 

Prm. These rocks, however, we have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to 
the centre ; over wnich the stratified rocks are spread with very 
unequal thickness, and in many places are entirely wanting. 

ExjplanaUon. Fig. 12, will convey a better idea than language, ef the 
relative situation of the two classes of rocks. The different groups of strati- 
fied rocks, viz. Alluvium, Drift, Tertiary^ Secondary and PnmaiTj are here 
shown resting upon one another, and upon granite beneath. Tms granitSL 
also, is shown protruding to the surface ; and upon its sides lie the stratified 
rocks highly inclined : veins of syenite, porphyry, trap, serpentine and lava, 
are also shown protruding through the granite, and coming from beneaUi it; 
as they must do, because they have been erupted since the granite. Veins 
of sycnitic granite of a posterior date are likewise shown, penetrating the 
stratified rocks to the top of the secondary strata, which is tne most recent 
granite yet discovered. Syenite and porphyry rise no higher than the top ef 
the secondary: but the trap rises to tne top of the tertiary; and finally, 
modern lava overspreads alluvium. The stratified rocks are represented as 
inclined at different angles ; the lowest being the most tilted up. Although, 
therefore, this is not a section of any particular portion of the earth's crust, 
yet it will give a correct idea of the relative situations of the groups both of 
stratified and unstratified rocks. For a much larger and more detuled sec- 
tion of this sort, see BucklancPs Bridgewater TreatUe^ Plate 1. 

Forf]\ations, 

Rem. It is not possible in geology as in other departments of natu- 
ral history, to describe species with definite and invariable characters; 
because each rock is found to be made up of varieties, oflen very nu- 
merous, which insensibly graduate into one another; as do also the 
rocks . themselves in many instances. In botany^ mineralogy and zoolo- 
gy, s[)ecies are separated by definite lines, and never do thus pass into 
one another. If, therefore, we employ in geology the same exactness of 
specific description as in these sciences, we shall impose on nature a logi- 
cal precision which will not fit her in this department of her works. Another 
method must, therefore, be adopted. See MaccuUadCs Geological CUusifi' 
cation of Rocks^ Chap. 1. 

Def Each rock, in its most extended sense, consist of seve- 
ral varieties^ agreeing together in certain general characters, 
and occupying such a relative situation with respect to one ano* 
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ther, as to skow that all of tbem were formed under similar 

circumstances, and during the same geological period. Such 

a group constitutes a formation, Ex. gr. gray wacke formation, 

gneiss formation, &c. 

Def. This term often embraces several distinct rocks, when 

there is reason to suppose them the result of the same geological 

period. 

Fig. 33. win give an idea of the English lias formation lying be- 
tween the oolite formation above, and the red sandstone formation be- 
neath* 



Fig. 22. 



Upper Has shale«, 




Uas Formation. « 



t^r-^- "_'' zs Middle lias shales, 



b— ^- ''"T^rrL.^-r*=^-:=: Lias limestones, 
a ■ ^^-_- Lower lias shales. 



Def. The English word groups and the French terrain, are 
nearly synonymous with formation. The term series is also 
very convenient in description. 

Def. When the planes of stratification are parallel to one 
another in different formations, the stratification is said to be 
conformable : when not parallel, it is unconformable. 

Descr. The stratification in different formations is usually 
unconformable, as is shown in the. position of the secondary 
and primary formations, in Fig. 12. 

Inf. It is hence inferred that the stratified rocks were elevated 
at different epochs : in other words, those formations which are 
the most highly inclined, must have been partially elevated be- 
fore the others were deposited upon them. 

Descr. These numerous elevations of the strata have pro- 
duced in them a great variety of cracks, fissures, and slides 

Def. When the continuity of the strata is interrupted by a 
fissure, so that the same stratum is hijs^her on one side than on 
the other, or has been slidden laterally, that fissure is called a 
faidty or a trov^le^--^a slip,, — a dyke^ &c : as <2, 6, £, d^ Fig. 23. 
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Fig. 23. 



Rem. A fsnlt U generalljr filled with fngmenla of rack*, cU;, Ac. <• d. 
It often occiuoiu great trouble in ibe fforhing of miiiM, bccuuc, when it i* 
Teaehed, it i> imposiible to decide whether the <!ontui(uUioD of the minenl 
■oaght is Kbove or Mow the leTel, or to the right or left. 

Def. If tHe fissure 19 open Bod of consideiable widtli, and ia 
succeeded at each extremity by a wider valley, it ia called s 
gorge, BB e. 

Def. If it be still wider, with tbe sides sloping or rounded at 
the bottom, a valleif is produced ; as d. 

Prirt. In a Bimilar way most of the valleys of piimitive coun- 
trieH were formed. 

Def. The line forming the top of a mountain ridge, or ran- 
ning through a valley, alons which the strattt dip in opposite di- 
tectioQB, is called an aniicbital line, or antielinal axis : aa at a, ' 
Fig. 24, and b, Fig. 25. 

Fig. 24. 



Def. When the strata dip towards this line on each side of i^ 
is called a synclinal line, or axis, as at b, Fig. 24. 



Fig. 25. 
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Dtf, When the strata dip from any point in all directions 
outwards, (as around the crater of a volcano,) the dip is said to 
be t^uaqwhvtrstd. 

Classification of Rocks. 

Rem. Numerous attempts have been made to classify the rocks. Bat 
none of the arrangements hitherto proposed, possess so decided a superi- 
ority over the others as to be adopted in every particular. In the present 
state of the subject, all that can be done is to give the outlines of the 
most important systems of classification, leaving the reader to take his 
choice aoionir them. I shall first describe some of the larger groups 
of rocks, which have long been admitted by most geolocrists to exi-^t in 
nature. The names by which they are designated are indeed objectiona- 
ble, because they were originally founded upon uncertain hypothesis : snd 
many excellent writers have entirely excluded them . from their works. 
But as they still continue to be employed by* most geologists, and as they 
can now hardly mislead even a tyro in tne science, and are moreover 
founded in nature, I shall retain the most of them in the following familiar • 
description of the earth's crust. 

Descr. If we suppose ourselves placed in a meadow, which 
has resulted from tne successive deposits of annual floods, ajid 
begin a perpendicular excavation into the earth, we shall pass 
through the different classes of rocks in the following order. 

Def. For a few feet only, — rarely as many as 100, we shall 
pass through layers of loam, sand, and fine gravel, arranged in 
nearly horizontal beds. This deposite, from an existing river, is 
denominated alluvium. 

Def. All deposits from causes now in action, which have 
taken place since the present order of things commenced on the 
globe, are usually regarded as alluvial. 

Def. The second formation which we shall penetrate, is 
composed of coarse sand and gravel, with fine sand and even 
sometimes clay, containing, however, large rX)unded masses of 
rock called bowlders ; the whole mixed together, yet often dis- 
tinctly, and horizontally stratified. This formation, evidently 
the result of glacio-aqueous agency is called drift. It is distin- 
guished from alluvium, first by its inferior position; secondly, 
by the marks of a more powerful agency ; and thirdly, by ex- 
tending over regions where no existing streams or other causes 
now in action could have produced it. 

Def. The third series of strata which we penetrate in de- 
scending into the earth, is composed of layers of clay, sand, 
gravel, and marl, with occasional quartzose and calcareous beds 
more or less consolidated ; all of which were deposited in waters 
comparatively quiet and in separate basins. They also contain 
many peculiar organic remains, and sometimes dip at a small 
ane;le, though usually they are horizontal These strata are 
called tertiary. 
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Oh. It is only a few yeara since all the formaUona above described were 
regarded as alluvium. 

Descr. The formations wiiich we penetrate after passing 
through the tertiary, are composed for the most part of solia 
rocks. They are, however, mostly made up of sand, clay, and 
pebbles, bound together by some sort of cement With these 
are interstratified many varieties of limestone ; and throughout 
the whole series is found a great variety of the remains of ani- 
mals and plants, very different from those in the tertiary strata. 
These groups of rocK sometimes lie horizontal ; but are usually 
more or less elevated, so as to make them dip at various angles. 
They are called secondary rocks, 

Obs. It will be seen that all the fbssUiferous rocks below the tertiary 
are here included in the secondary class. Many geologists, even to the 
present time, have separated some of the lower groups into a class named 
transition^ because they appear as if produced when the earth was in a 
transition state from desolation to a habitable condition, and have a tex- 
ture partly mechanical and {Mnrtly chemical. I do not attempt to define 
such a class, because I cannot fix (Upon any characters by which it c&n 
be distinguished from the secondary strata. 

Def. The stratified rocks below the secondary, are distin- 
guished by the absence of organic remains, by having a struc- 
ture more or less crystalline, and by being more highly inclined. 
They are called 'primary rocks. This term has also been ap- 
plied to the unstratified crystalline rocks. Mr. Lyell has pro- 
posed, as a substitute for primary, the term hypagene; meaning 
" neiher-formed rocks^ or rocks which have not assumed their 
present form and structure at the surface." Elem. GeoL VoL 
1, p. 20. 

Hem. D'Halloy, Dr. Macculloch, Prof Phillips, Mr. Lyell, and some 
others, include some of the fossiliferous rocks,— as clay, slate, and f[ray-> 
Wacke, — in the primary class, as may be seen on the tabular view at the 
end of this section. 

Descr. Immediately beneath the primary stratified rocks, we 
find the unstratified ones. 

I?if. As this is found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a comparatively thin crust, are made up 
of unstratified rocks : at least to a very great depth. 

Descr. Among the primary rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of the series are frequent- 
ly found also in the same position. 

Descr. Among the fossiliferous rocks there exists an invaria- 
ble order of superposition. 

Exc^fion. In a few easps, internal forces have not merely lifted 
upon their edges, but acttfally overturned strata of considerable thick- 
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netf. The section in Fig. 24, was taken in the Alps, and exhibits a 
case of this kind. G, is gneiss, L, L, limestone, C, conglomerate, lo- 
cally called nagleflH£. Now the limestone is really an older rock than 
the conglomerate; and yet it lies above the conglomerate, because the 
■whole series has been tossed over, so as to bring the newer focks beneath 
the older. * 

Descr. In some instances tlie strata have been folded to- 
gether on a vast scale, and in such a manner as to bring 
some of the newer rocks beneath the older. Fig. 26, is 

Fig, 26. a section of this cha- 

^^ racter. Originally the 

strata were probably 
folded, as is shown by 
the curved lines pass- 
ing from 1 to 1, 2 to 2, 
and so on. But their 
upper parts have been 
denudea, so that the 
__ _____^__ present surface is a, a. 

f^>idedAxe8. The oldest strata are 

now found to be 6, 6 ; and they correspond outward on each 
side of these ; as 5, 5 ; 4, 4 ; &c. Such an example as this 
has been called a folded axis. 

Exam. I have no small reason to believe that a similar . foldins and 
overturning of the strata have taken place on a vast scale in the United 
States; although the phenomena have not yet been studied as carefully 
as would be desirable; and some of our geologists explain the inverted 
dip on other principles. Along the western part of the Green and Hoo- 
sac Mountains, in New England, occur interstratified beds of gneiss, mica 
slate, talcose slate, clay slate, limestone, and older Silurian rocks, which 
are either perpendicular, or have a high easterly dip : and yet the oldest 
members or the series are found along the eastern side of this belt, and the 
strata become newer and newer as we go westerly : that is, the oldest 
rocks lie apparently above the newer ones. These appearances present 
themselves nearly the whole distance from Connecticut river to Hudson 
river ; a breadth of nearly fifty miles. Now suppose m early times the v 
strata between those rivers to nave been somewhat elevated, with Hoosac 
Mountain, or the Oreen Mountains as their principal axis, as is shown 
in fig. 27 ; where L stands for limestone, M, for mica slate, T, for talcose 
slate, S, for clay slate, and Gra. for graywacke. While yet in a yielding 
state, imagine powerful forces to act in opposite directions at the two 
extremities of tnese strata: that is at Connecticut and Hudson rivers; 
where we have reason to believe eJEtensive faults exist : while at the same 
time we may suppose an upward strain upon the strata from gas or melted 
matter beneath. The effect would be to bend and fold together the strata, 
as they are shown upon fig. 28. If afterwards they were denuded by 
water, to the depth of the irregular line A A, their character, dip, and out- 
line would correspond essentially to what we find between (Jonnecticut 
and Hudson rivers. It appears further, from the Geological reports of 
Professors Mather on New York, of Prof Henry D. Rogers on New 
Jersey and Pennsylvania, of Prof. William B. Rogers on Vir^nia, and 
of Pzo£ Troost on Tenneiseei that these same rocks, with similar inver- 



4in of their dip, occnr in sll lli«e lUt 

of the Apualachiin Monnlaina ; and that 

inlfrrupteJl; Trom Cunadi. la Alabama; a distance of nearly ISOO mile*. 

Ami ir the above tbeoiy of the folJing *n<1 inveTaion of Ifaii belt at rocki 

1m correct in the latitude of Maiiachuaetts, it it without iloubt tnn 

met this vast eitent of conntr;. Noc can we doubt that KCt^Dciea Mlffl- 
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cienlly powerful hi.Te openW oflen in nature to produce these effects; 
although it U difficult lor the mind to become familiar with such sta- 
pendoUB tbrcea. {See Ikii Ihany farllur elvcidaled in Ue Pijuii Report on 
t/u Geolegy ef MaismkvseUs, Vol. 2. p. 577, cnrf in tkt fnt Atmiver- 
Sary Addras before the Assaciatum of American GeoUigisIs at PkUadeU 
phia, 1841. Prnjeesort W. B. if- H. D. Rogia Tciid a most interesting 
yopsr on Ihii iiibJiU before the Aaociation of American Geologitla ai Boatoit in 
ApHJ, 1842; and as Ihey have studied ihc subject more than any oth^ geoio^ 
giati, Bit piMiaUion ^ Ihar paper mil be jcaiied for tmpatienf^.} According 
to Mr. Scrape, ainuln fbldeii aiea on & vast scale occur in the mountuni 
of South America. Scrape on Volcano!, p. 195, 

Deser'. Sometimea tlie strata, after desc«ndmg in eld inverted 
position from 1000 to 1500 feet, curve in such a direction aa to 
bring them into their proper position; as is shown in Fig. 29, 
taken in the Alps. 



Omcd Strata in Hit Alpt. 

DtscT. One or mare rocks are frequently wanting in the so- 
eondaiy series, which brings those of very different ages into 
contact: but the order of arrangement is never thereby dis- 
"turbed. 

Exam. Tbm id Fig, 30, on the left lide of the central maM of 
franile (A,) no biTe thp primary (B,) the Mcondarj (C,) and lertU- 
ly (D,) in regular order : bat on the other nde, the iwondiiiy ii wanting ; 
and tlus tertiary (D,) lie djrecti; upon the primary (F,) aa welt as upon 
the granile, while a deposits of drift (£,} comea in contact with all. 

OihtT Systems of Classifieatioji. 

Deacr. Dr. MaccuUoch diviiln (he strata into faar principal cltuisFa, Hii 
Attmitd Claa embracei alluvial uid dritl: hia Terliary Class a the aame as 
that alrea^ deaeribed: hii Scomdary Gaa eitenila no farther JanDward 



■TSTSMI or OLAXtriOATIOir. ■ 

Fig. 30. 



thui to tbe boUom of Ihe old red nndtfooe ; and lh« Kroaindn of ths 
KmilifFroua lacVt, wilh the itntifieJ non-fbntlileroDi onei coDititulei bil 

Primary Class. He ilsn diMributet tbe unilrati£«I rock* tfaroojh the two 
lattei ctaasei, uid adiis a fifth, or Ihe Voicanic C!aa. Reckoning tbe atrtti- 
Gcd and unatratifieil rucka together, he divides the nbole into ten groopa, 
nhich he alio denominates cTasae*. b; the deeignation PraloliHi., DtiMhlk, 
&c. This latter arrangemeDt he denominalca the NaJwai Sy^em, and tha 
Tormer the Artificial System. MtuaillocJt'! Syilem of Geology, Vol. S. p. 7B. 

DeKT. In KcT. W. D. ConjbeBie'a aminjjemeDl, allUTium, driA, and the 
teiliar; atreta, are caJled the Superior Order i the rocka from the chalk to 
the coal meaaurea, roim hia SvpervifdiiU Order: Ihe coal ineuarea, eal- 
honifernua limestone, and old red landetone, form hk MeMal Order: (lia 
remaining rDsailireious rocka conalitate hia Syibmedial Order: and the itTati- 
fied pritnarj groupa hia Inferior Order. The nnatiatiGed lock* are diatii- 
buted among the atratiSed, according to their auppoaed age. Thin rjtUxa 
has the m '" " ' ' ■" """ """' >'---'■ .. i.. . -l .-. . ^ 

Omyhean 

Descr. De la Bi 



. of being both siDipte and free from alt hrpoChelical aHunoni. 
ui Wm.Phillips'i Geology of EngUmd and Wales, Vel, 1. 1823. 

_... . _) la Beche divides all rocka mto two great claaaea, the jSira(y(<ii 
and Viatrai'fied. The latter he treats ai a aingle family: tbe lonner, be 
■ubJivideB into ten ^groups. The Ent is called the Modem Group, and 
correaponds to alluvium: (he lecond ie the Erraiic Bled Orovp, corres- 
ponding to drift: the third, the SuperereUuxous Oroup, embracing the 
teitiai? alrata: the fourth, the Cretaranis Crmp including only the chaUc 
and aome associated strata: the fifth, the OclUic Group, comprehending 
the oolite and the liaa: the aiith, the Red Sandidme Group, or the new 
red sandatone: Ihe aevrnth, the Coii/ottifermu Group, containing the coal 
moasuree, carbon iferoua limestone, and the old red aandalone: the eighth, 
the OraijaaJce Group, or Ihe graywacke formalion : Ihe ninlh, the Laviest 
Fassiliferous Group, or tosiiliferous aloles lying below the grajwacke : and 
the tenth, the Priman/ Siralified Non-Fosiibjerotis Roch. Tbu arrange- 
ment ii also natural and aaliaraetorj. De la Beche's Matt. Oeal. p. 33. 
aird ediliea. 

Deser. Mr. Lyell embraeea (he rocks in Periods and Graupi. The firat i« 
the Posl PHocene Period, including alluvium and drift. The second is the 
Tertiary Period, suWiviJed into the newer and older Pliocene, the Miocene, 
and (he Eocene. The third he denominates Secondary, nhich eitenda to the 
bollom of the old red sandstone; neit aoccecda his Pritnary Foiisilifereus 
Period, which includfs all the remaining Ibsailiferous rocka. Hia Mela- 
morphic Rocks embrace all the stratified non-foaailiferoua groups. Tha un- 
stratified racks are dialributnl through these several claaaes; and he haa 
likewise made a divtsion of those unatratilted rocks, Ih^ exist below the 
attatifieJ ones, into Piimafy Phiionic, S-amdary PiuUmic, Ttriiary Plu- 
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ioTOCf and Recent Plutonic^ reckoning in :» descending; ordcf. Elements 
of Geology, Vol. 2. p. 170. 

Descr. Omaliua d'Halloy, a French geologist, in 1831, proposed -th« 
following system of arrangement. He first divides all rocks into Neptii* 
nian^ or the stratified, and the Plutonian^ or unstratified; then under 
his first class, ~or Modem Formation, he places alluvium ; under Tertiary 
FypiialioTbs, he puts drifi; and the tertiary strata ; under AiJVitwnean Forma- 
tions, he includes the subjacent rocks as far as the coal measures; and 
under Hemilysian Formations, all the remaining stratified rocks. The 
unstratified ones he divides into two classes; the first, embracing granitd 
and porphyry, is called Agalysian; the second, embracing basalt, trachyte, 
and lava, ia called Pfroidal. His three first classes he also denominates 
Seamtiary; and the remaining class of stratified rocks, with, the first di- 
vision of the unstratified, Primordial. ElemeyUs de Geologie, par J. J, 
ZyOmalius D'HaUmj, Paris, 1831. 

Descr. Prof. Alexander Brongniart, another distinguished French ^o- 
logist, in 1829, proposed to embrace all the rocks under the Jovian Period^ 
or the existing era; and the Satumian Period^ or the era preceding the 
last revolution of the globe. His first period embraces only alluvium* 
whi^h he divides into the Alluvial, L/ysian, and PyrogenatLS Formaiioiis, 
His second period emliraces, first, the Stratified or Neptunian Formation^ 
and secondly, the Massive or Typhonian FormMions. The first of these ii 
divided into the Clysmian Formations, or drift ; the Izemian Formatio'ris, or 
the tertiary strata, and the secondary as &r down as the mountain lime- 
stone; Hemilysian Formations, embracing all the remaining fossiliferous 
strata; and the A^ahjsianFormatio7iSf which include all the primary strati- 
fied rocks. His Typhonian class he divides into the Plutonian, and VulcO' 
nian Formations. Tableau des TTerrains, ^. par Prof. Al. Brongniart ^ 
PariSj 1829. 

Descr. Rozet, another French author, in 1835, divided all rocks into 
two great SerieSj the first embracing the stratified, and the second the un- 
stratined rocks. His first series he refers to six geognostic epochs, the 
first embracing alluvium, the second drift, the third the tertiary strata, the 
fourth the subjacent rocks as deep as the coal measures, the fifth the 
remaining fossiliferous rocks, and the sixth the non-fossiliferous stratified 
rocks. IVaite Elsment^ire de Geologie^ par M. Rozet, Paris, 1835. 

Descr. Dr. Mantell proposes a chronological arrangement of the rocks. 
His two great classes are the Fossiliferous Strata, and the Metarrwrphic 
Rocks : the latter embracing the unstratified rocks as well as the stratified 
primary. Under Modem aiid Ancient AUnvium^ he places alluvium and 
drift. Next come the Trrtiary Strata: then, as the first group of the 
secondary formations, the ChaVc or Cretaceous System. The second group 
is the Wealden; the third, the Oolite; the fourth, the Lias; the fifth, the 
Saliferous Strata; the sixth, the Carboniferous System, or Coal; the 
seventh, the Silurian System, or upper members of the gray wacke series ; 
and the eighth, the Cambrian or Graywacke System. His metamorphic 
rocks comprehend three groups. \. Mica Schist-. 2. Gneiss. ^.Granite. — 
ManteWs Wonders of Geology, Vol. 1, p. 178, London, 1838. 

Descr. Professor John Phillips divides all rocks into the stratified and 
unstratified: and then, like De la Bcche and Dr. Buckland, he does not 
attempt to distribute the latter among the iarmer, but treats of each class 
separately. The stratified class he thus subdivides. Alluvium and drift 
are placed under Superficial Accumulations, and denominated, Alluvial 
Depositions and Diluvial Drposilions, The tertiary strata he divides into 
the^ Crag, Freshwater Marls, and London Clay. The secondary strata, 
which extend to the bottom of the old red sandstone, he divides into the 
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Cretaceous S^ilent, the Oolitic Sifstem, the Saliferous or Red Sandstone 
Svstemy and the Carboniferous System. Next succeed his Primary Strata, 
which embrace the Silurian Sustem^ the Cambrian or OrayuwJce Syntem^ 
the Skiddaw or Clay Slate System ^ the Mica Schist System^ and the Oneiss 
System. The subdivision of these systems may be seen in the accompanying 
table. Treat, on Geol. from the Encydopadia Britannica^ Vol. 1. Edvnr' 
burgh, 1838. Abo a Treat, on Geol. in 2 Vols. London, 1837, and 1839, in 
Cabitiet Library. 

Descr. In 1840, Dr. John Pye Smith made the following division of 
the Strata. His Tertiary Class embraces all the rocks above the chalk, 
divifJed in a descending order into Surface Soil, Beds of Rivers and Lakes; 
Plisloeene, embracing sea bottoms, coral rocks, peat, marls and travertins : 
Pliocene or drift, sands and clays, and limestones, such as the English 
crag; Miocene^ and Eocene. His Secondary Class embracev the Cretaceous^ 
Oolitic, Pacililic, (new red sandstone,) Carboniferous, and OW Red Sartd- 
s/4)ne Groups. His Primary Fossiliferous Class embraces the Silurian and 
Cambrian Systems; and his Metamorpkic Class embrace the Cumbrian 
(chiefly clay slate,) Mica Schist and Gneiss Sijstems, On the Relation 
between the Holy Scriptures and Some Parts of Geological Science, Second 
Edition, p. 375j London, 1840. 

Descr. The most important changes in the classification of the strati- 
fied rocks that have of late been proposed, are those by Dr. Murchison, 
and Professor Sedgwick, in the group that has long been known under 
the general name of graywacke. The former gentleman, after years of 
study, has produced a splendid quarto, with a geological map, upon the 
upper members of these strata, which he denominates the Silurian Group, 
because it is well developed in the ancient British kingdom of the Silures. 
The lower members of the graywacke with some slates. Prof. Sedgwick 
denominates the Cambrian System, because fully developed in North Wales. 
Phillips's Treatise on Geology, Vol. 1, p. 56. Prof Sedgwiek has recently 
presented his views of the classification of all the stratified rocks below the 
old red sandstone. His first class, or the lowest, is denominated Primary 
Sfratified Groups, comprehending gneiss, mica slate, quartz rock, &c. His 
second class he calls Palaozoic ^ries: which is thus subdivided. 1. Tiie 
Lower Cainbrian System. 2. The Upper do. 3. The Silurian System, 
Philosophical Magazine, for 1^38, p. 299. 

Rem. 1. De la Beohe objects to these substitutes for graywacke, except 
as mere local designations, on the ground that it is unwise to change old 
terms, until we can be sure that the new terms will answer for the whole 
earth. Report on the Geology of Cornwall and Devonshire, p. 38, London, 
1839. 

Rem. 2. Dr. Buckland in his Anniversary Address before the London 
Geological Society in February, 1841, makes the following judicious re- 
marks upon this subject. " The term graywacke," says he, '* I rejoice tc 
think, will not be condemned to the extirpation which has ][>een threatened 
from the nomenclature of geology : it may still retain its place as a generic 
appellative, comprehending the entire transition series of the school of 
Preyberg and divisible into three great subordinate formations; the Devo- 
nian System of Sedgwick and Murchison being equivalent to the upper 
graywacke; the Silurian to the middle graywacke, and the Cambrian to the 
lower." Annals and Mag. of Nat. Hist. No. 40, Feb. 1841. j>. 487. 

Descr. A classification founded upon palsontological principles has 

been suggested by several writers, and in the following table one of this 

eharacter has been added, copied chiefly from Mr. Lyell. It is believed 

that at least six groups of animals and plants, too unlike to have lived in 

he same condition of the earth, can be traced in the organic remains found 

4^ 
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in the rocks. The first group embraces the tertiary strata ; the second, thi 
cretaceouu; the third, the oolitic; the fourth, the upper new red sandstone, 
embracing the limestone called by the Germans MusckeUcalk ; the fifth, the 
lower new red sandstone, the coal formation, and the old red sandstone; 
and the sixth, the remaining fbssiliferous strata. This arrangement, how- 
ever, will probably require some modifications, when organic remains shaU 
be more extensively studied. l/yeWs Elements of Geology^ p. 280. 

Rem, 1. The following table affords a synoptical view of most of the 
flystems of classification that have now been uescribed. More full de- 
scriptions of these systems may be found in the works referred to above. 
It snould be recollected that these systems have been mostly derived from 
the study oi the rocks of Great Britain, and a part of the continent of 
Europe. But in their great outlines they are found to apply almost equally 
well to all other parts of the globe hitherto examined. Tnis table embraces 
only the stratified rocks. The un&tratified class will receive more attention 
in a subsequent section. 

Rem. 2. It was desirable thus early to describe the most important 
systems of classification adopted by geologists ; yet in doing it, it was 
necessary to presume upon a knowledge of some facts by the reader, which 
have not yet been explained. 

Rem. 3. A cursory view of the table is apt to convey the impression that 
almost every thing relating to the classification of rocks is unsettled, and 
that there is scarcely any agreement among the different systems. Some 
explanations and inferences, therefore, seem desirable, to present the 
subject in its true light. 

Prin, In judging of a classification of natural objects, it is important 
that we distinguish natural from artificial characters. Thus, in botany, 
plants may be divided into classes and orders depending upon the number 
and situation of the stamens and pistils of their flowers ; or upon the an- 
atomical structure of the plant. By the first -arrangement we shall bring 
tf^ether plants the most unlike in their general properties j and therefore, 
there is no necessary connexion between those properties and the number 
and situation of the stamens, and pistils, and hence such characters are 
artificial or arbitrary. But those plants which are alike in anatomical 
structure, correspond in most of tneir properties; and such characters, 
therefore, are natural. . 

/»/*. I. In applying this principle to rocks, we find first, that their 
division into stratified and unstratified is natural : that is, it brings to- 
gether those kinds whose origin and other important characters are similar. 
Now we shall find that this division enters into nearly all the more recent 
systems of classification that have been described, 

Inf» 2. In the division of the rocks into fussiliferous and nonfossiliferous, 
all geologists agfee : and in fact there is scarcely a possibility of disagree- 
ment on. this point. So that here we have another important natural 
character as the basis of classification. 

Inf. 3. In nearly all the systems of classification, the larger formations 
coincide; which is a presumptive proof that they are natural; since so 
many diflferent observers agree in forming their boundaries. These forma-* 
tions ought perhaps to be regarded as the species in geology. 

Inf. 4. Classification fbunded upon the relative age of different rocks, is 
entirely natural, because all oliservers agree that they were produced at 
different times. But as superposition and organic remains are the only sale 
criteria of relative age, there is ground for a diversity of opinion in assign- 
ing places to the difierent formations ; since these criteria can be ascertained 
sometimes only imperfectly. 

Inf. 5. Characters dependent upon theoretical consideratioDS axe arti> 
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ficial, since few of the theories are so certainly settled as not to be liable 
to considerable modification. Hence such terms as primary, transition, 
secondary, tertiary, drid, &c. are objectionable, if they are not understood 
to refer simply to superposition. 

Rem. Neology is often a greater evil in science than the continaed use 
of objectionable terms ; continued, I mean, until terms are proposed which 
are so decidedly good as to force themselves into use. It is partly on this 
ground that the terms primary, transition, secondary, and tertiary, still 
continue in use. But it is partly, also, because, apart from theoretical views, 
there does exist in nature some foundation for a division of the rocks into 
groups of this sort. Still those more numerous groups or formations intd 
which the best geologists now divide rocks, are much more natural ; and it 
is to be hoped that they will soon come into general use, so as to exclude 
the teirms primary, secondary, Slc. 

Inf. 6, Characters founded upon lithological diittinctions are artificial, 
for the same reason that those derived from the number of stamens and 
pistils are bad in botany. * 

Inf. 7. Discrepancy in classification oflen springs from carrying the 
subdivisions of a formation too far, for the same reason that characters in 
botany and aoology could not be depended on, that were derived from the 
varieties of a species. 

Inf. 8. Finally, it appears that in all the essential principles 
of the classification of rocks, geologists are nearly agreed. They 
all admit one class to be stratified and another unstratified :-^ 
one portion of the stratified rocks to be fossiliferous and another 
portion not fossiliferous. And they generally agree, also, as to 
the extent of the different distinct formations ; although some 
would make their number greater than others, — just as it is in 
respect to species in mineralogy, botany, and zoology. Now 
these three principles are all that are essential for classification \ 
and some of the best geologists, as may be seen by the table, 
limit themselves to these. But if others choose to subdivide the 
formations still farther, and to refer the groups to primary, se- 
condary, &c. classes, even though they differ widely here, it 
must not be hence inferred that they are at variance in respect 
to the essential principles of classification. 



SECTION 11. 

THE CHEMISTRY AND MINERALOGY OF GEOLOGY. 

Descr. Of the fifty-four simple substances hitherto discovered, 
sixteen constitute by their various combinations, nearly the 
whole of the matter yet known to enter into the composition of 
the globe. They are as follows, arranged in three classes, ae« 
cording to their amount; the first in each class being most 
abundant 
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] . Metalloids, or the bases of the earths and alkalies, 

1. Silicium. 2. AluminiuixL 3. Potassium. 4. Sodium. 
5. Magnesium. 6. Calcium. 

2. Metals Proper, 
1. Iron. 2. Manganese. 

3. Non Metallic Substances. 

1. Oxygen. 2. Hydrogen. 3. Nitrogen. 4. Carbon. 5. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. De la 
Beche^ s Researches in Theoretical Geology, p, 22. Amherst, 1837. 

Descr, The metallic substances mentioned above, united with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forms twenty 
per cent, of the atmosphere^ and one third part by measure of 
water. Hydrogen forms the other two thirds of this latter sub- 
stance ; and it is evolved also from volcanos, and is known to 
exist in coal. Nitrogen forms four fifths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in coal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting, only one thousandth part. 
Liebigs Organic Chemistry , p. 74. First Amer. Edition, 1841. 
and it forms an important part of all the carbonates, and is pro- 
duced wherever ve^table and animal matters are undergoing de- 
composition. Sulphur is found chiefly in the sulphurets and 
sulpnates that are so' widely disseminated. Chlorine is found 
chiefly in the ocean, and in the rock salt dug out of the earth. 
Fluorine occurs in most of the rocks, though in small proportion. 
Still less is the amount of phosphorus, though widely difliised 
in the rocks and soils, and abundant in organic remains. 

Descr. Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com- 
pounds ; that is, they were united two and two before forming 
the present compounds in which they are found. The following 
constitute nearly all the binary compounds of the accessible 
parts of the globe. 

1. Silica. 2. Alumina. 3. Lime. 4. Magnesia. 5. Po- 
tassa. 6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 
9. Water. 10. Carbonic Acid. 

Obs. It is meant only that these binary compounds, and the sixteen 
simple substances that have been enumerated, constitute the largest part 
of the known mass of the globe: for many other binary' compounds, and 
probably alf the known simple substances are found in small quantity in the 
rocks; but not enough to be of importance in a geological point of view. 
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Deser. It bas been calculated that oxygen constitates 50 per 
cent of the ponderable matter of the globe, and that its crust 
contains 45 per cent, of silica, and at least 10 per cent, of alu- 
mina. Potassa constitutes nearly 7 per cent of the unstratified 
rocks, and enters largely into the composition of some of the 
stratified class. Soda forms nearly 6 per cent of some basalts 
and other less extensile unstratified rocks ; and it enters largely 
into the composition of the ocean. Lime and magnesia are dif- 
^sed almost universally among the rocks in the form of sili- 
cates and carbonates, — the carbonate of lime havine been esti* 
mated to form one seventh of the crust of*the ^obe; at least 
three per cent, of all known rocks are some binary combination 
of iron, such as an oxide, a sulphuret, a carburet, &g.; manga- 
nese is widely difiused, but forms much less than one per cent 
of the mass of rocks. 

Descr, The xfollowing table presents an approximate estimate of the 
mean amoont of metalhc bases and of oxygen in some of the important 
rocks. PhiUips^s Treatise on Geology^ Vol. 1, p. 24. 

100 parts of Granite — ^52 Metallic Basis 48 Oxyiren. 

« Basalt— 57 " 43 ^ 

" Gneiss— 53 « 47 " 

" Clay SIate-54 1 " 46 " 

" Sandstone— 4a to 53 " 47 to 51 

" Limestone— 52 « 48 *« 

Descr, The following table shows the approximate amount of nUca 
and alumina in the most important rocks. 

Granite, 69,40 12,34 

Greenstone, 54,86 15,56 

Basalt, 52,00 14,12 

Compact Felspar, ' 55,50 21,00 

Gneiss, 70,96 15,20 

Mica Slate, 67,50 14.26 

Hornblende Rock, 54,86 15,56 

Talcose Slate, 78,15 13,20 
See De la Beckers Res^rches in Theoretical Geology ^ p. 29 and 30. Also 

TVaite Elemeniaire de Mineraiogiej par S. F. Bmdant^ Tome 1, p, 112. 

Paris, 1830. 

Descr. Seven or eight simple minerals constitute the great 

mass of all known rocks. These are 1, Gluartz; 2, Felspar; 3, 

Mica ; 4, Hornblende and Augite ; 5, Carbonate of Lime ; 6, 

Talc, embracing chloric and soapstone ; 7, Serpentine. Oxide 

of iron is also Very common ; but it does not usually show itself 

till the decomposition of the rock commences. 

Obs. The student of geology should become very thoroughly conversant 
with these minerals in all their modifications : for in the rocks their cha- 
racters are oflen very obscure. 

Descr. Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify their char 
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racter, are the. following : sulphate of lime, diallage, chloride of 
sodium (common salt), coal, bitumen, garnet, schorl, staurotide^ 
epidote, olivine, pyrites. 

Descr. A few of these minerals exist in so large masses as 
to be denominated rocks; ex. gr. quartz, carbonate of lime, &c. 
but in general, from two to four of them are united to form a 
rock ; ex. gr. quartz, felspar and mica, to form granite. In some 
instances the simple minerals are so much ground down, pre- 
viously, to their consolidation, as to make the rock appear ho- 
mogeneous; ex. gr. shale and clay slate. 

Descr. Water constitutes a part. of nearly all rocks; but in 

most cases it appears to be mechanically combined ] for with one 

or two exceptions, it does not exist in the simple minerab that 

enter into the composition of rocks. 

Obs. In the simple minefals that have been enumerated, anajyris 
has detected water only in the following. 

Sulphate of lame (Gypsum), 19,88 per cent. 

Serpentine, 12,75 

Diallage, 8,20 

Talc, 4,20 

Pyroxene (a few varieties), 3,74 

Mica, 2,65 

auartz, 1,62 

HornlbleBde, 0,55 

Geological Sitiiaiion of Useful Rocks and Minerals, 

Prin. The rocks and minerals useful in an econo^mical point 
of view, are in a few instances found in almost every part of 
the rock series : but in a majority of cases, they are confined to 
one or more places in that series. 

Examples. 

Qranite^ Syenitef and Porphyry : found intruded among all the stratified 
rocks as high in the series as the tertiary strata : but they are almost en- 
tirely confined to the primary rocks. De (a Beckers Manual^ p. 94. 

Greenstone and BasaU are found among and overlying all the primary and 
secondary rocks : hut they are mostly connected with the secondary strata. 
MaccuUock's System of Geologic Vol. 2, p. 102. 

Lava^ some varieties of which, as Peperino^ are employed in the arts, 
being the product of modern volcanos, is found occasionally overlying every 
rock in the series. 

C3<iy : the common varieties used for hricks, earthen ware, pipes, &e., 
occur almost exclusively in the tertiary strata : but we have reason to think 
some of them belong to the period of drift. Porcelain clay results front the 
decomposition of granite, and is found in connection with that rock. 

Marl, or a mixture of carbonate of lime and clay, is confined to the 
alluvial and tertiary strata : and differs from many varieties of limestone, 
only in not being consolidated. 
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lAmestone, from which every variety of marble, one Tariety of alabaster, 
and every sort of quicklime are obtained, is ibnnd in almost every rock, 
stratified and nostratified, below drift. In the oldest stratified rocks 
and in the unstratified, it is highly crystalline ; and in the newest strata 
(ex. gr. chalk) it is often not at fdl crystalline. The most esteemed marbles 
are obtained from the newer primary and older secondary strata. 

SerpentiTie occurs chiefly in connection with the older stratified rocks. 
This is generally the case m N. Eogland. It is found, however, With some 
secondary rocks, and not unfrequently with trap rock. 

Sulphate of lAmey or Gypsum^ which produces one variety of alabaster, 
and is employed for taking casts, forming hard mortar, and spreading 
upon land in the state of powder, occurs chiefly in the new red sandstone 
series. It is found also in the lias, oolite, green sand, and tertiary strata. 
In tlus country it is found associated with the oldest of the secondary 
(transition) rocks. 

Rock Salt (Chloride of Sodium) is frequently found associated with 
gypsum in the new red sandstone. It occurs also in the supercretaceous 
or tertiary strata; as at the A^lebrated deposite at Wieliczka in Poland; 
and in Sicily, andt Cardona (Spain), in cretaceous strata : in the Tyrol, 
in the Oolites; and in Durham, Ejigland, salt springs occur in the coal for- 
mation. In the United States they issue from the Silurian rocks. Bnck- 
lamps Bfideewater Treaiiie, Vol, 1, j7. 72. Dela BeMs Manual^ p. 246. 

Descr, If vegetable matter be exposed to a certain deme of moisture 
and temperature, it is decomposed into the substance called peaty which is 
dug from swamps, and belongs to the alluvial formation. 

Lignite or Brown Coal^ the most perfect variety of which is jet, is found 
chiefly in the tertiary strata; sometimes in the higher secondary; and 
appears to be peat which has long been buried in tho earth, and has under- 
gone certun chemical changes, whereby bitumen has been produced. It 
generally exhibits the vegetable structure. 

BituTwirums Coat appears to be the same substance which has been 
longer buried in the earth, and has undergone still farther changes; though 
their precise nature is not well known. Its principal deposite is in that 
part of the secondary series called the coal iormation, or coal measures. 
But it occurs in small quantity in the new red sandstone series, in England, 
Poland, and Massachusetts: and in Scotland it is worked in the lias 
limestone. A thick bed of it has also been found in the plastic clay of the 
tertiary strata in Hesse. Ornybeare^s Report (1832) on Geology to the 
Briiish Association^ p. 390. AUo, Philosophical Magazine^ Vol.' 2. New 
Series, p. 101 and 108. 

0^5. The French geologists describe a variety of coal intermediate in 
its characters and position between cannel coal and lignite: but it is 
doubtful whether on strict mineralogical principles even lignite can be 
separated from bituminous coal. See Tableaux des Terrains par Al. Brong- 
niart, and Traite Elementaire de Mineralogie par F. S. Bcudard. 

The principal deposite of anthracite in Europe, is in the graywacke forma- 
tion ; and it is supposed that this substance is common coal which has 
undergone still farther changes and lost its bitumen. In this country, 
however, there is reason to suppose that the vast deposite of anthracite in 
Pennsylvania, the largest in the world, is associated with the common coal 
measures. See Prof. H D. Rogers^ Second Annual Report on the Geological 
JSxploration of the State of Pennsylvania^ 1838. 

The anthracite of Rhode Island, and the southeastern part of Massa- 
chusetts is in a rock whose exact place in the series has not been satis- 
factorily determined. But probably it may belong to the coal formation. 
In Worcester^ the anthracite occurs in a sort of bastard mica sl&te. On 
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the continrni of E^ropi, it ocean iImo in min date, ia primai; limftnnrr 
■nii in Kniiu. MaeaJlach'i SyiUm ^ Gtaltigy, Vol. % p. 39C. 

PiuC AleikQiler Brongniut ilscribM « trua ■nibridte u cceaniag in 
the iiltiitic cluj of Mount Mriunn in Hrue. Tbis, howeVBT, dpfieui to 
have bera rormed from tHluminoui cul b; Ibe action of ignrout Tocki; 
and inch cuea have led cgoiii geolagiita to luppoM that anlhracila «u 
alwa^i IhiH prodncsl. Il oecun in ainall quantitiM in abnoct all the 
ilralilicd locki rrom the oliint to the jilutic claj. 

Gtaphilt, Plumbago, or Bladi Liad, appein to be anthracite vbich haa 
iiniJ<-rg<>ne atill farther mineratiiatian ; U tnat, in aomo inatancra, when 
coal haa been fiiund conliguous Id igneoiu rock*, it ia converted into 
plumbago; and hence anch may have b)«n the origin of tbe whole of it. 
In the Aift plumbaga » fuunrt in a da; alaie that lie* abote the liaa. 
Annaia da ScimcM Salardla, Tame XV. 1828, p. 377. Il ia fbund al«o 
in the coal forniatiDn. Trailc EUmaiitIre de Mintralogie par F. S. 
Btudanl, Tome S, p. 963. 

Deser. AU'the varietieg of eoal that have be«n doicribAcI, 
occur io the form of Beams, or beds, interstratified with Bandatonei 
and shales : and most usually theca are several seams of coal 
mth rocks between them; the whole being Brnin?e4 in the foim 
of o basin. Fig. 31, is a sketch of the great coal basin of South 
Wales, in Great Britain ; which contains twenty-three beds of 
coal ; whose united thickness is iiinety-three feet. When we 
consider how much this anangement facilitates the exploration 
and working of coal, we can hardly doubt but it is the result of 
Divine Benevolence. 

Fig. 31. 



Descr. The Diamond, which ia pure crystallized carbon, has 
been found associated with new red sandstone at Oolconda in 
South America, and at Panna in India. This rock there ia in 
proximity with, and based luion granite, and perhaps the crystal- 
lization of the carbon resulted from this cause, Edinburgh 
Journal of Science, Vol. X. p. 184, Conybeare's Report en 
Geology, p. 395 and 398, In general, the diemood is found in 
drift; having been removed from its original aituation; and wa 
may always presume that every mineral existing in the older 
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rocks will be found also in driffc ; because their detritus must 

contain them. 

Inf. It has been inferred from the preceding facts, that all 
the varieties of carbon above described, had their origin in veee« 
table matter ; and that heat and water have produced all the 
varieties which we now find. MaccullocKs System of Geology^ 
Vol. 2. ;?. 297. 

Almost all the precious stones, such as the sapphire, emerald, spinel, 
chrysoberyl, chrysoprase, topaz, iolite, frarnet, toarmaline, chalceuony, 
amethyst, &c. are found exclusively in the oldest and most crystalline 
rocks. CLuartz in the various forms of rock crystal, chalcedony, carnelian, 
cacholong, sardonyx, jasper, 4^. is found sometimes in the secondary 
strata, and es|)ecially in the trap rocks, associated with the secondary 
fiirmations. 

Descr. Some of the metals, as platinum, eold, silver, mer- 
cury, coppdr, bismuth, &c. exist in the rocks m a pure, that is, 
a metallic state ; but usually they occur in the state of oxides, 
Bulphurets, and carbonates, and are called ores. It is rare that 
any other ore is found in sufficient quantity to be an object of 
exploration on a large scale. 

Descr. These ores occur in four modes : 1. In regular 
interstratified layers, or beds. 2. In veins or fissures, crossing 
the strata and filled with ore united to some gangue or matrix. 
3. In irregular masses. 4. Disseminated in small fragments 
through the rocks. 

Descr. Iron is the only metal that is found in all the forma- 
tions in a workable quantity. Among all its ores, only four 
are wrought for obtaining the metal : viz. the magnetic oxide, 
the specular or peroxide, the hydrated peroxide, and the proto- 
carbonate. 

Manganese occurs in the state of a peroxide and a hydrate 'y — ^and ia 
coniined to the primary rocks; except an unimportant ore called the 
earthy oxide, whicii exists m earthy de[)Qsites. 

Xhe most im|x>rtant ores of copper are the pyritous copper and the 
carbonates. These are found in the primary rocks, and as high in the 
secondary series as the new red sandstone*, in one instance in tertiary 
strata. Wonders of Geology, Vol. 2, p. 651. 

The only ore of lead of much importance is the sulphuret. This 
generally occurs in the primary rocks hoth stratified and unstratified ; hut 
It exists jiilso in the newer rocks as high in the series as the lias. 

The deutoxide of tin is the principal ore of that metal. This is most 
commonly found in the oldest formations of gneiss, granite, and porphyry : 
also in the porphyries connected with red sandstone. It is found likewise 
HI quantity sufficient to be wrought in drift. 

Of zinc the most abundant ore is the sulphuret, which is commonly 
associated with the, sulphuret of lead, or galena. Other valuable ores are 
the carbonate, silicate, and the oxide, which occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has mtherto been 
found chiefly in granite, gneiss, and mica slate. 

5 
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The principal ore of mercury, the ralpharet, oocurt chiefly in new re4 
sandstone : — sometimes in a sort of mica slate. 

Silver in its three forms of a sulpburet, a sulphuret of silver and anti- 
mony, and a chloride, has been found mostly in primaiy and transition 
slates: — sometimes in a member of the new red sandstone series; and in 
one instance in tertiary strata. Wojulers qf Geolt^f Vol. 2, p. G51 . 

Gold and piatinimi always occur in a metallic state; and they have 
usually been explored in drift. They arc often associated, however, 
with the older rocks ; and in this country especially, a gold deposite has 
been traced from Canada to the seulhern part of Georgia, and the metal is 
embraced in the talcose slate formation, in veins, usually of quartz. It is 
found also rarely in gray wacke, and even in tertiary strata. 

Cobalt, bismuth, arsenic, &c. are usually found associated with silver, 
or copper; and of course occur in the older rucks. The other metals, 
which, on account of their small economical value, and minute quantity, 
it is unnecessary to particularize, are also found in the older strata-, fre- 
quently only dis^ieminated, or in small insulated masses. 

Obs. An excellent and much more extended view of the geological 
situation of useful minerals, may be found in Beudant's lYaite J^Umenr 
tairc de Mbneralogit^ Tome Premier ^ lAcre Q^vtartieme: Paris^ 1830. 

Inf, It appears from the facts that have been detailed lespect- 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks 
and their order of superposition. 

lUuB. No geologist, for instance, would expect to find valuable beds of 
coal in the oldest crystalline rocks, nor in the tertiary strata ; but in the 
secondary fi)S8iliferous rocks alone: and even here, he would have but 
feeble expectations in any other rock except the coal formation. What a 
vast amount of unnecessary expense and labor would have been avoided, 
had men, who have searched for coal, been always acquainted with this 
principle, and able to distinguish the different rocks ! Perpendicular strata 
of mica and talcose slate would never have been bored into at great ex- 
pense, in search of coal : nor would schorl have been mistaken for coal, 
as it has been ! 

By no mineral substance have men been more deceived, than by iron 
pyrites : which is very appropriately denominated fools^ gold. When in a 
pure state, its resemblance to gold in color is often so great, that it is no 
wonder those unacquainted with minerals, should suppose it to be that 
metal. Yet the merest tyro in n^ineralogy can readily distinguish the two 
substances; since native gold is always malleable, but pyrites never. This 
latter mineral is also very liable to decomposition, and such changes are 
thereby wrought upon the rocks containing it, as to lead the inexperienced 
oliserver to imagine that he has got the clue to a rich depository of mineral 
treasures; and probably nine out of ten of those numerous excavations that 
have been made in the rocks of this country, in search of the precious 
metals, had their origin in pyrites, and their termination in disappointment, 
if not poverty. This ore also, when decomposing, sometimes produces 
considerable heat, and causes masses of the rock to separate vnth aik 
explosion. Hence the origin of the numerous legends that prevail respect- 
ing lights seen, and sounds heard, in the mountain where the supposed 
treasure lies, and which so strongly confirm the ignorant in their expecta- 
tion of finding mineral treasures. Now all this delusion would be dis- 
sipated in a moment, were the eye of a geologist to rest on such spots, or 
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were the elementary principles of geology more widely diflaied Sn th& 
cummunitj. 

Another common delasion respects eypsum; which is as often sought 
among the primary, as in the seoondary and tertiary rocks: although 
it is doubtful whether primary gypsum has ever been found. A few 
years since, however, a farmer in this country supposed that he had disr 
covered gypsum on his farm, and persuaded his neighbours that such was 
the case. They bought large quantities of it, and it was ground for 
agriculture, when accidently it was discovered that it was only limestone : 
a fact that might have been determined in a moment at first, by a single 
drop of acid. 

Caution. It ought not to be inferred from all that has been 
said, that because a mineral substance has been found in only 
one rock, it exists in no other. But in many cases we may be 
almost certain that such and such rocks cannot contain such and 
such minerals. Of these cases, however, the practised geologist 
can alone judge with much correctness, and hence the importance 
of an extensive acquaintance with seology in the community. 
An amount of money much greater tnan is generally known, has 
been expended in vain for the want of this knowledge. 

■ Obs, The chemical changes wluch rocks have undergone since their 
deposition, as well as the operation of decomposing agents to which tham 
are now exposed, properly belong to the chemistry of geology. But thne, 
points will be de^rrea to subsequent sections; because they will there be 
better understood. 



SECTION III. 

THE LltHOLOGICAL CHARACTERS OF THE STRATIFIED ROCKS. 

Def. The lithological character of a rock embraces its mine- 
ral composition and structure as well as its external aspect, in 
distinction from its zoological and botanical characters, which 
refer to its organic remains. 

Rem. I shall describe the litratified rocks under the names and in the 
order in which they are given in the Tabular Synopsis at the close of Sec- 
tion 1. They are, however, arranged into Groups or Systems, nearly 
corresponding with those of Professor John Phillips. I have also arranged 
these systems, under the terms Alluvium, Drift, Tertiary, Secondary, and 
Primary ; — not l)ecause I feel satisfied with these terms j but chiefly 
because they have become so incorporated with geological descriptions that 
their use is still convenient, and but little liable to lead the learner astray ; 
especially if he be forewarned against the hyoothetical intimations which 
thpy contain. 

1. ALLUVIUM. 

Descr. The following stratified deposits are the result of 
ftlluvial agency. 
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1. Soil. S^^Silkeous Marl, or deposits of 

2. Sand. the skeletons of Infusoria. 

3. Peat 9. Bitumen. 

4. Marl 10. Sulphate of Lime. 

5. Calcareous Tufa, 11. Hydrate of Iron. 

or Travertin. 12. Hydrate of Manganese. 

6. Coral Reefs. 13. Chlorideof Sodium (Sea Salt.) 

7. Siliceous Sinter. 14.-Greie Ctunpound (Apothemite.) 

15. Sandstones, Conglomerates, and Breccias. 

Prin. Soil is disintegrated and decomposed rock, with such a 
mixture of vegetable and animal matter that pJants will grow in it. 

Proof. 1. We see almost every where the rocks crumbling down into 
soli. 2. Chemical analysis shows that the soils are composed generally of 
silica, alumina, lime, magnesia and iron, in about the same proportion as 
they are found in the rocks. ' Silica is much the most abundant ingredient 
3. The presence of organic matter is easily proved by burning it 00*. 

Descr. Vast accumulations of sand, the result of alluvial 
agency, occur not merely in the bed of the ocean and in lakes, 
but also upon the dry land, where they are called thi^nes or 
<tffpns. These are composed almost entirely of silica ; and be- 
ing destitute of organic matter, cannot sustain vegetation. 

Descr. The manner in which peat is formed has already 
been explained in general terms. (Section II.) When perfect- 
ly formed, it is destitute of a fibrous structure, and is, when wet, 
a fine black mud : and when dry, a powder. It consists chiefiy 
of the decomposed organic matter called geine or humic acid^ 
with crenic and apocrenic acids, phosophates, he. part of which 
are soluble, and a part insoluble, in water. These deposits of peat 
are sometimes 30 or 40 feet thick ; but they are not formed in 
tropical climates on account of the too rapid decomposition of 
the organic matter. 

Descr. Alluvial marl is usually a fine powder, consisting 
of carbonate of lime, clay, and soluble and insoluble geine ; ana 
is found usually beneath peat in limestone countries ; sometimes 
at the bottom of ponds. It is produced partly by the decay of 
the shells of molluscous animals, and partly by the deposition of 
the carbonate of lime from solution in water. It contains nu- 
merous small fresh water shells, and has received the name of 
shell marl. 

Method of detecting calcareous marl. The great value of this substance 
in agriculture, and the confusion that prevails in its description, render it 
desirable to point out a test by which it can be distinguished. That test is 
an acid of some sort, the common mineral acids, oil of vitriol, aqua fortis, 
and muriatic acid being the best ; but strong vinegar will answer. If the 
substance effervesce, when the acid is applied, we may be sure that it is 
genuine marl : otherwise not. 
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(MsT kiTtds of marls. Several other Bubstances that contain no carbo« 
nate of lime have oflen been denominated marl by agriculturists and not 
without reason ; for they have produced effects analogous to those of calca- 
reous marl. But it seems very desirable that terms should not bo applied too 
loosely, and I propose the following designations for these substances. 

Calcareous rruurl : that which contains carbonate of lime in any quantity. 

Siliceous marl: that in which silica predominates, and no calcareous 
matter is present. 

Aliuminous marl: that in which day predominateS| and no calcareoun 
matter is present. 

Green^ sand marl : that which contains green sand. This is the sub- 
stance that has been of late employed with signal success as a fertilizer of 
land in New Jersey, Virginia, Delaware, &c. If it contain any carbonate 
of lime, the compound term Calcareo-green sand wuzrZ, might be employed. 

Method of searching for alluvial marl. The presence of marl beneath a 
peat bog can be determined with a good degree of certainty, by plunging a 
pole, — the rougher the better^ through the peat, until it reaches the solid 
bottom of the morass; and, on withdrawing it, some of the marl if 
any exist, will adhere to the surface ; though & coating of the black mud 
may c<^er it. 

Descr. Calcareous tufa or tavcrtin, is a deposite of carbon- 
ate of lime, made by springs containing that substance in 
solution. It forms a solid limestone, sometimes even crystalline, 
and of considerable extent ; so as to be used for architectural 
purposes. Thermal waters produce it most abundantly, as in 
Central France, Hungary, Tuscany, and Campagna di Roma: 
but it is also deposited by springs of the ordinary temperature, 
as at Saratoga and in the Appenines. Dr. Dauben^s Report 
on Mineral and Therm&l Waters, p. 56. London^ 1837. Also 
De la Beche's Manual of Geol. p. 158. Also LyelPs Prin. Geol. 
Vol. 2. p. 198. Tavertin is also precipitated by rivers, as in 
Tuscany ; and at the mouths of rivers on the coast of Asia Mi- 
nor. LyelVs Prin. Geology^ Vol. 1. p. 397. Very similar are 
the concretionary calcareous deposits formed in caverns: those 
depending from the roof are called stalactites^ and those on the 
floor, stalagmites. 

Descr. Coral reefs are extensive deposits of carbonate of 
lime, formed by myriads of polyparia, or radiated animals, in 
shallow water, in the south seas. They form the habitations of 
these animals : and of course are organic in their structure. 

Descr, Siliceoics sinter^ or tufa, is a deposit of silica, made 
by water of thermal springs, which sometimes hold that earth 
in solution. Successive layers of sinter and clay frequently oc- 
cur, and these are som^imes broken up and recemented so as to 
form breccia. PTof J, W, Webster in the Edinburgh Philoso- 
phical Journal, Vol. VI. 

Descr. Siliceous marl, or the fossil shields of infusoria. Be- 
neath the beds of peat and mud in the primary regions of this 
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country, a deposit often occurs from a few incLes to several 
feet thick, which almost exactly resembles the calcareous mari 
that is found in the same situation. When pure, it is white and 
nearly as light as the carbonate of magnesia: but it is usually more 
or less mixed with clay. It is found by analysis to be nearly 
pure silica ; and it turns out to be almost entirely composed of 
the siliceous shields, or skeletons, of those microscopic animals 
called infusoria^ or animalcidar^ which have lived and died in 
countless numbers in the ponds at the bottom of which this sub- 
stance has been deposited. 

Rsm. The discovery of this curious fiict (concerning which more will be 
said in a subsequent section,) in relation to this country, was made by Pro£ 
Bailey of West Point. American Jonmal of Science^ Vol. 35. p. 118. 
Analogous substances occur in Europe : and the most of that just described, 
appears to be identical with the Bergmehl of Prof. Ehrenberg. 

Descr. Some springs produce large quantities of bitumen in 
the form of naptha and asphaltum. Their Iqcsdities and extent 
will be described in a subsequent section. 

Descr. Although sulphate of lime very generally exists in 
the waters of springs, yet it is rarely deposited. One or two 
examples only are mentioned, where a deposit of this salt has 
been made : as at the baths of San Philippo in France. De la 
Beckers Manual, p. 158. 

Descr, Hydrate of iron or bog ore, is a common and abundant 
deposit from waters that are capable of holding it in solution; and 
it appears also, that this ore is often made up of the shields of 
infusoria, which are often ferruginous. Wonders of Geology^ 
Vol 2. p. 660. 

Descr. The hydrate -of manganese, also, by a somewhat sim- 
ilar process, is frequently deposited in the form of the earthy 
oxide, or wad, in low grounds : and it can hardly be doubted but 
it is an alluvial product. Report on the Geology of Massachvr 
settSf 2d Edition, p. 130. 

Descr. Chloride of sodium or rock salt, is very rarely de- 
posited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the Dottom of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of the rocks 
along the shores of the Mediterranean, in such quantities as to 
be collected by the inhabitants. 

Rem. The Rev. Jastin Perkins, American Missionary, who resides on 
the borders of the Lake Ooroomiah in Persia, states in a letter^ that the 
water of the lake rises five or six feet in the spring, and as it ^adually 
subsides in the summer, " a very thin incrustation of salt is left on the 
land that has been overflown.'' He was also informed by a Nestorian 
fiishop and^ others, that for some years past, the mean level of the waters has 
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been rifling *, and that formerly the deposit of salt was so ^reat as to fima 

permanent alternating layers with sand. A specimen of this water just re- 
ceived, contains about one quarter part of solid salts. 

Rtrrn. 2. The waters of lake Elton in Asiatic Russia, and of other lakes 
adjoining the Caspian Sea, have deposited thick beds of rock suit at their 
bottom. Dauhemfz R:port on Mineral and Thermal Waters fuf 1836, p. 7. 
The same is true of lake Indersk on the steppes of Siberia. Ure^s Gcdogy^ 
p. 373. 

Descr. In Essex County, Mass. a curious substance of alluvial origin has 
been deposited in Ipw grounds, which appears to be essentially a pergeaie 
of iroTif and which has received from Dr. Dana, the name of apothemile. It 
will probably be found in many places, and seemed to deserve a passing 
notice amon^ the products of alluvial action ; although for details I must 
refer to another place. Pinal Report onthe Geology ojMassackusetts^p. 1(U. 

Descr, Alluvial sandstone^ conglomerate^ and breccia^ are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
through the mass in a state of solution. They are not very 
common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called sand* 
$tone : rounded pebbles produce a conglomerate ox plum pudding 
stone ; and angular fragments^ a breccia, 

Def, The varieties of alluvium, that have been described 
may be regarded as a formation in th^ geological sense : and 
the period during which such a group is m the progress of de< 
position, that is, until some important change takes place in 
the material or mode of production, is called a geological pe- 
riod : and the point of time when the change occurs, is called 
an epoch, 

2. DRIFT (formerly DILUVIUM.) 

^ R^m. There b more diversity of opinion respecting the origin of this 
formation, than on almost any other subject of geology. Hence it has re- 
ceived a great variety of names ; such as diluvivm^ dnft, bmelder formation, 
erratic block groiip, ^c. The term diluvium literally implies that it has 
been the result of a deluge, and is therefore, objectionable. The term 
drift appears at present to be preferable, and is therefore used. 

Descr, The great mass of drift is composed of sand and gra- 
vel of different degrees of comminution, mixed together con- 
fusedly. This gravel is often not derived from the rocks be- 
neath it, but from those at a distance of several miles, and in 
this country usually form ledges which lie in a north-westerly 
direction. The surface of this gravel is often scooped out into 
deep basin-shaped depressions, and raised into corresponding ele- 
vations, the difference of level being sometimes 20 or 30 and even 
100 or 200 feet. 

Descr, Scattered through this gravel, are rounded masses 
of rock larger than pebbles^ which are called bowlders : and as 
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tba^ >ra fncmtniif found a gtttt dutooM iram tha phee of 
Umu oriEin, the]' are also denomiDBted trratU blocks and {c«t 
roeii. Oftentimea these bowlders lie insulated npon the surface, 
and even upon the crests o" 



even npoi 
Def. When they happen to be thna insnlated upon 
loclu, and so poised that a small force will make them oscIUats, 
thejt an eallad roeldng ilona. 
FIf. S, exhibitor rocking done in the west put of Bure, Msak 
Fig. 32. 



ae in Fall River, Maaa., ptnwd upon snUiite, 
Fig. 33. 



Deser. On many plains through which no existing Btream 
now passes, and lying -Over the gravel above described, we find 
uiok beds of sand and clay, deposited in a. muck more quiet 
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iei than common drift, and yet apparently near the cloae 
je same period. The usual order oi the series is, first and 
est, the coarse materials, then clay, then sand. Traite Ele^ 
niaire Geologies par M, Rozet, p. 256. Tome I. 
Descr. Sometimes the drifted sand and gravel that have 
en described, are consolidated into sandstone and conglome- 
te, by the infiltration of iron or carbonate of lime ; as in Pow 
il, Vermont. Repori on the Geology of MasstichuseUs^ Vol. 2, 
f, 354. Also Tableau des Terrains^ p, 66. 

Descr. Many of the most valuable of the precious stones 
and metals are found in drift ; such as the diamond, the sapphire, 
the topas, the ruby, and the zircon ; as well as platinum, gold, 
and tin. Platinum, gold, and the diamond are explored almost 
exclusively in this formation. Tableaux des Terrains^ p 
il5. 

3. TERTIA.RY STRATA. 

{Supircretaceous Grovp of De la Beche, 

Historical Rem. Until the pablicatioii by Cnvier uad Brongniait of then 
memoir on the tertiary strata around the city of Paris, in 1810, these forma- 
lions were confounded with alluvium. Since that period, other similar 
deposits have been studied with diligence and success ; and it is found that 
tertiiiry strata occupy more than hdf the surface of Europe j and in this 
country they embrace nearjy all the level region in the eastern part of the 
middle and southern states. 

Descr. The tertiary rocks have been divided into four dis- 
tinct groups of marine strata, distin^ished by important pecu- 
liarities in their organic remains, and separated from one anoth- 
er, by strata which contain fresh water and terrestrial remains. 
BucklaniEs Bridgewater Treatise,. Vol, 1. p. 76. 

IZem. Marine strata are easily distinguished from those of fresh water 
origiA, by the occurrence in the former of animals peculiar to the ocean, and 
inuie latter, of those peculiar to fresh water. 

Descr, Mr. Lyell has divided these strata into four groups, 
to which he gives the names Eocene, Miocene, and Older and 
New Pliocene, In the first, the number of shells identical with 
living species is very small, only 3.5 per cent. In the second 
group, reckoning upwards, it is 17 per cent: in the older plio- 
cene, 35 to 50 per cient. and in the newer pliocene, 90 to 95 per 
cent. . And by this character are the groups distinguished. 
LyeUs Elements of Geology, Vol, 1. p. 280. Other geologists 
object to these characters as too indefinite. De la Beckys The<^ 
relical Geology, Chap, XVIL Phillip^ s Edinburgh Trea- 
tise on Geology, p, 180. 

Descr, The tertiary rocks are in general distinctly stratified. 
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thay Bie fteqaently found a gnat distance from tlie place A 
theu oiirio, tney an also deaominated erratic bloc/a end U4 
Toeki. Oftentimea ttieae bontdera lie insulated upon tlie antf&oa, 
and evea upon the eresta of mountains. 

Def. When they happen to be thus insulated upon other 
rocks, and so poised that a amall foice will make them, oscillate, 
they are called rocking tUma, 

[1{. 33, eihitaM a rocking tUme in the weit put of Bane, MaM. 
Fig. 32. 
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and the strata are usually horizontal. In some cases, However, 

(as in the Isle of Wi^ht and at Gay Head,) they are inclined at 

a large angle. 

Prin, All the stratified rocks appear to have been originally 

deposited from water. 

Proof. The manner in which the ingredients of these rocks are arranged, 
viz. in parallel strata and lamins, is precisely like that of the sabaqueous 
deposits which are now forming in many localities, so that these latter need 
only to be hardened into stone, (when they are not already consolidated,) 
and in some cases rendered more crystalline, in order to be converted into 
the former. And by no other agent that we know of, by which rocks are 
formed; is a stratified and schistose arrangement produced. Again, the 
materisiis composing these stratified rocks, viz. clay, sand, and car&nate of 
lime, are very similar to those deposits which water is now producing. 
And farther, the organic remains wMch many of these rocks contain, can 
be accounted for only on the supposition that the rocks enveloping them 
were deposited from water. 

Descr, Rocks are deposited by water in two modes : first, as 
mere sediment, by its mechanical agency, in connection with 
gravity: secondly, as chemical precipitates from solution. 

Def. The first kind of rocks is called mechanical or sediment 
tary rocks ; the second kind, chemical deposits. 

Descr. As a general fact, the lower we descend into the rock 
Series, we meet with less and less of a mechanical and more and 
more of a chemical agency in their production. The primary 
stratified rocks -have generally been regarded as destitute of 
every mark of a mechanical origin except their parallel ar- 
rangement ; but in fact, the greater part of them are made up 
of the fragments of crystals more or less worn and cemented 
together. 

Rem. 1 possess specimens of mica slate, talcose slate, and quartz 
rock, from various parts of New England, which are made up of frag- 
ments as distinctly rounded by attrition, as those of any fossiliferous 
conglomerate;; and these pebbles are cemented by similar materials in 
a finer state. Most of these specimens are associated with highly in- 
clined strata of the oldest primary rocks in New England. They are 
good examples of what are called metaTOorphic rocks. PkiUt'ps^s Geo- 

Descr. In the fossiliferous rocks we sometimes find an alter- 
nation of mechanical and chemical deposits : but for the most 
part, these rocks exhibit evidence of both modes of deposit, act- 
ing simultaneously. 

Rem. It is difficult to conceive how ^ny rock can be consolidated without 
more or less of chemical agency, except perhaps in that imperfect consolida- 
tion which lakes place in argillaceous mixtures by mere desiccation. Even 
in the coarsest conglomerate there must be more or less of chemical union 
between the cement and the pebbles. 

Descr, In the tertiary rocks a mechanical agency decidedly 
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predominates : nevertbeless, several beds are the result of chemi- 
cal precipitation ; as gypsunij limestone, aid rock salt 

Descr. The varieties of rocks composing the tertiary strata 
are concretionary, tufaceous. argillaceous, and siliceous ; or lime- 
stone, marl, plastic clay, siliceous and calcareous sands, green 
sand, gypsum, lignite, rock salt, and buhrstone. 

4. SECONDAIIY ROCKS. 

Def. Under secondary rocks, I include all the fossiliferous 
strata below the tertiary : that is, 1 embrace under secondary 
all those denominated by many writers secondary and transition. 
The entire want of agreement among geologists as to the upper 
limit of the transition class, proves to my mind that there is no 
mark in nature for fixing that limit. Some commence the 
transition rocks with the coal formation : others with the car^ 
boniferous limestone : others with the old red sandstone : and 
others with the graywacke. 

1. Cretaceous System, 

Descr, In Europe this formation is usually characterised by 
the presence of chalk in the upper part, and, sands and sand- 
stones in the lower. In this country, chalk is wanting: yet it 
seems to be well established that the Ferruginous sand forma- 
tion is the equivalent of the chalk formation of Europe. Dr, 
Morton in Journal of Academy of Natural Sciences, Vol. VL 
Also American Journal of Science, VoL XV IL p. 274, and 
XVIIL p. 243. and XXIV p. 128. 

Descr. The cretaceous system is thus arranged by Dr. 

Fitton: 

i Upper, 

Chalk. I Lower, 

f Marly, 

i Upper Green Sand, 
Green Sand. <^ Gault, 

f Lower Green Sand, 
C WeAld Clay, 
Wealden. J Hastings Sand, 
f PurbecK Strata. 
Observations on some of the Skata behoeen the ChaJk and Oxford Oolite in 
the South East of Engla.7id, By W. H. Fitton, p. 105. London, 1836. 

lyescr. Chalk is a pulverulent carbonate of lime, and its va- 
rieties have resulted from the impurities that were deposited with 
it- The upper beds are remarkable for the great quantity of 
flints dispersed through them, generally in parallel position. 
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Descr, Green Sand is a mixture of arenaceous matter, with 

a peculiar green su^tance greatly resembling chlorite, or green 

earth. 

Composition. The coloring matter of green sand has been analyzed 
with much care by several distinguished chemists with the following 
results. 

French Green Sand. English Do. Massachusetts Do. N. Jersey ^ Do. 

By M. By Prof. By Dr. S - By Prof. H. 

Berthier^ Tu/tyier. L. Dana. D. Rogers.* 

Silica, 50.0 48.5 56.700 49.27 

Protoxide of Iion, 21.0 22.0 20.100 S4.67 

Alumina, ,7.0 17.0 13.320 7.71 

Water, 11.0 7.0 7.000 5.91 

Potassa, 10.9 traces 9.99 

Lime, 1.624 5.08 

Magnesia, 3.8 1.176 

Manganese, traces and lo8s= 0.080 

See Dr. Fitton on the Strata helmo the Chalky p. 109. Also^ Prof. Et. D, 
Rogers's Report d?* ihe Geoloeical Svrvey of N. Jersey^ p. 47, ct seq. Also 
Pinal Report on the Geology of Massachusetts. 

Use of Green Sand. This substance has been applied within a few years 
in this country with ffreat success as a manure, especially in N. Jersey. If 
its fertilizing power depends on the potassa alone, the English and Massa- 
chusetts deposits woulu be of no value ; but if, as some suppose, the oxide 
of iron and the other ingredients assist in this respect, it may prove of great 
importance. 

Descr. GauU or GaU^ is a provincial name for a blue marble clay, or marl, 
Ibrming an interstratilied bed in the green sand of England. 

Descr. T%e Wealdcn Formation^ which has been found in the South- 
east of England, chiefly in the wealds or woods of Sussex and Kent, 
is composed of beds of limestone, conglomerate, sandstone, and clay, 
which abound in the remains of fresh water and terrestrial animals, and 
appear to have l^een deposited in an estuary that once occupied that part of 
England. Similar beds occur in Scotland, and in a few places on the Euro- 
pean Continent. 

Rem. Some of the most remarkable facts in fossil geology have 
been derived from this formation, which will be found described in Dr. 
ManteWs lUvsf rations (f the Geology of Sussex^ <^c. And in his Geology 
of the South East of England ; also in Dr. Pitton^s OtservAtions on the 
Strata below the Chalk; and in Dr. MantdPs Wonders of Geology^ 2 Vols, 
1838. 

2. Oolitic Si/stem, 

Descr, In many of the rocks of this series, small calcare- 
ous globules are imbedded, which resemble the roe of a fish, 
and hence such a rock is called roestone or oolite. But this 
structure extends through only a small part of this formation, 
and it occurs also in other rocks. 

Descr. The oolitic series consist of interstratified layers 

- ■ 

* The mean of eight aoalyses. 



of elay, sandstone, marl, and limestone. The upper portion^ 
or that which is oolite proper, is divided into three systems or 
groups, called the upper, middle, and lower, separated by clay 
or marl deposits. 

Rem. Professor Phillips includes the wealden fonnation in the oolitic 
system. PhiUip^s Treatiss on Geology^ p. 132. 

Descr. The lowest member of the oolitic group is called 
lidSj and consists essentially of argillaceous limestone. 

Rem, The ooiitie group is remarkable for the vast amount of cal- 
careoiis matter which it contains, and for the great number and variety of 
its organic remains. 

3. Saliferous System. 

Descr, This group is composed of rocks which have some- 
times a slaty, and sometimes a conglomerate structure, with 
fine sandstones, interstratified with one another in endless varie- 
ty. In composition, the rock is siliceous, argillaceous, or 
calcareous ; and often highly charged with red oxide of iron. 
The varieties in the color and appearance of these rocks are ex- 
ceedingly numerous, and usually tney exhibit a variegated aspect. 

Descr » In Europe writers enumerate five varieties of this 
rock. 1. Variegated marlj composed of indurated clays of va- 
rious colors, among which red predominates : sometimes the 
day is black, sometimes bluish gray ; and gray sandstone and 
yellowish magnesian limestone are interstratified ; the whole 
forming the highest number of the series. 2. Muschelkalk, a 
gray compact limestone, occasionally dolomitic, lying beneath the 
marls and not yet detected except on the continent of Europe. 
3. Red or variegated sandstone. Its varieties of color are red, 
blue and green. Its composition is chiefly siliceous and ar- 
gillaceous, with occasional beds of gypsum, and rock salt. 
{New red sandstone. English Writers. Gres. bigarre, 
French. Bunter sandslein get.) 4. Zechstein, This consists 
of different varieties of limestone; among which is the fetid 
limestone, friable marl, and copper slate.' 5. New red con- 
glomerate : Exeter red conglomerate. A series of conglomerates 
and sandstones lying beneath zechstcin, and al)ove th^ coal 
measures : the fragments having been derived from the latter. 
{JTodtliegetideSy rothe iodt liegende ger.) 

Rem. Some of these varieties, as the muschelkalk and zechstein, are fie- 
%nently wanting in this formation. 

4. Carboniferous System. 

Descr^ This group embraces three extensive depositSi 

6 
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resting upon one another in the following order; beginning 
with the uttermost. 1. Coal measures, lliese consist <h 
irregulaxly interstratified beds of sandstone, shale and coal. 
Frequently these are deposited in basin-shaped cayiUes; but 
not always. These rocks abound in faults produced by igne- 
ous agency * whereby the continuity of the beds of coal is in- 
terrupted, and the difficulty of exj^oring for coal increased in 
some respects ; but in either respects facilitated ; so that upon 
the whok, faults are decidedly beneficisd. 2. Carboniferous 
limestone. A gray compact limestone, traversed by veins of 
calcareous spar, and frequently abounding in organic remains. 
Encrinites are sometimes so abundant that the rock is called 
encrinal limestone. It is also called mountain limestone, and 
metalliferous limestone, since in England as well as in North 
America, it abounds in lead ore. 3. Old red sandstone. This 
rock is composed mostly o^ conglomerate, but sometimes it 
becomes fine enough to be schistose : its prevailing color is red, 
and its thickness very variable. 

Rem. 1 . Some writers consider the old reil sandstone as properly belong- 
ing to the graywacke group. JBctkewdPs Geciog^y p. 87. De la BecAPs 
manual^ p. 414. Of late this formation is frequently denominated the Devo- 
nian sy^m^ becac^e largely dcvclc^ped in Devonshire. 

Rrm. 2. The coal measures exist in almost every country of much 
e'ktent, and form one of the most important sources of nations! wealth 
and happiness. In England not less than 6.000.000 toiis of coal are 
yearly raised from the mines of Northumberland and Durham ; at which 
rate they will be exhausted in about 250 years. In South Wales, however, 
is a coal field of 1200 square miles, with 23 beds, whose total thickness is 
D5 feet ; and this will supply coal for 2000 years more. BakeweWs Cfeology, 
p. 125. In Great Britain about .15.000 steam engines are in operation by 
the use of coal with a power equal to that of about 2.000.000 of men. The 
machinery moved by this power has been supposed equivalent to that of 
between 300.000.000 and 400.000.000 men by direct labour. Well may Dr. 
Buckland say, "we are almost astounded at the influence of coal ami iron 
and steam upon the fitte and fortunes of the human race." BfidgewaJter 
Treoiis'J, Vcl. \.p. 535. 

Rem. 3 Probably no part of the world cont^ns such immense beds of 
coal as the central parts of the United States. In 1837, not less than 900.000 
tons of coal were carried to market from the mines in Pennsylvania alone : 
and the working of these mines has as yet only just commenced. The 
southern anthracite basin of that state is 60 miles long and two miles broad, 
with (Ai aggregate thickness of 100 feet. Indeed, 30 out of 54 counties of 
that state are in whole or in part based upon coal. But no one, who has 
not visited the state, can form any adequate idea of the quantity of the coal 
existing there. One bed alone, which probably extends through all the 
anthracite region, varies from 22 to 50 feet in thickness : while the thickest 
bed in England is only 30 feet. Prof. H. D. Rogeriz Report on the. 
Geological Exploration of the stai^ of Pe^msylvamia^for 1838, p. 84. Bckt^ 
weWs Geology, p. 106.* 

* See note B* 
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5. 



Silurian System. 



Descr. As Las been stated in the first section, the Silurian 
system, proposed by Mr. Murchison, embraces the upper mem- 
bers of that extensive deposit, which has long been known 
under the name of graywacke, and graywacke slate or shale. 
Its composition is arenaceous, argillaceous, and calcareous 
showing in all cases evidence of a sedimentary origin ; yc 
having been subjected to a more powerful chemical action thai 
the rock above it. The materials are often exceedingly fine . 
and then we have delicate slates ; yet usually of a duU aspect. 
Sometimes they are very coarse, so as to form conglomerates j 
and these two varieties are often interstratified. The lime- 
stones bear stronger marks of a chemical than a mechanical 
origin, and are frequently very crystalline. Sometimes they are 
argillaceous, and often slaty, and frequently concretionary. 
They abound in organic remains, as does, in fact, the whole 
formation. The slates are sometimes but not extensively divided 
by joints and cleavage planes ; though the original lamination 
of the beds by deposition is quite obvious. 

Rem. The sabdivisiohs of the Silurian system, as proposed by Hr. 
Murchison, may be seen in the tabular synopsis of the different svstems of 
ciaBsification given in tbe first section. It might be supposed that these 
would possess only a looal interest. But Mr. Conrad, PalsBontoloffist of the 
New York Geological Survey, is ofopinion that he can not only identify the 
Silurian system generally with rocks in that state, but also the subdivisions ; 
and he says that the system generally is more folly developed in this country 
than in England. Report of the Neto York Survey^for 1839, p. 200. For a 
full description of this vast formation in England, see the magnificent quarto 
of Mr. Murchison already referred to. He has recently traced this forma- 
tion over a vast area in the Russian empire, even as far east as the Uralian 
mountains. It occurs also, in Sweden and Norway; and a large part of the 
vast basin of the Mississippi is undoubtedly underlaid by rocks of this 
description. 

6. Clay slate and Graywacke System^ /Phillips,) Cambfian and 

Cambrian Group, (Seoigwick). 

Descr. This extensive deposit, of vast thickness in Wales, 
embraces the lower part oi the graywacke ^roup, and the 
clay slate of other geologists. The whole of it is eminently 
argillaceous : but it varies from the finest clay slate to 
congloinerates, with fragments of quartz, felspar, mica, 
jasper, &c. half an inch in diameter. The cement, how- 
ever, is still argillaceous. These conglomerates, especially 
in the upper part of the series, are interstratified with the 
slates which have been called graywacke slate and clay slate. 
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In the north of England, where the system of strata is developed 
on an enormous scale, and forms the splendid scenery of that 
country, these slates are so divided by joints and cleavage planes 
that the planes of deposition, or stratification and lamination, are 
very obscure. The lowest part of the system is composed chiefly 
of clay slate, which sometimes contains chiastolite and hornblende. 
In these lower states no organic remains have been found, and 
only about 30 species in the limestone interstratified with the 
higher members of the series. These are perfectly developed 
zoophytes and molluscs ; but no plants have been found. These 
are the lowest rocks, containing organic remains. Sedgwick in 
Geological Transactions^ Vol. 8. Phillips's Treatise on Geology^ 
Vol. 1. p 124. 

Rem. 1. It is by no means certain that the Cambrian system of rocks 
ought to be separated from the Silurian : for although the organic remains 
are quite different in the former, from those in the latter, yet the number is 
quite small. 

Rem. 3. In the tabular view of the classification of rocks, I have placed 
the skiddau or clay slate system of Prof. Phillips below the line separating 
the fossiliferous from the non-fossiliferous strata. For in general it is 
certain that organic remains have not been found in clay slate, and Prof. 
Phillips says that " they are not found in the lowest group of Skiddau." 
TVeatise on Geology, Vol, 1. p. 128. 

5. PRIMARY ROCKS. 

Rent, As the non-fbssiliferous or primary rocks have no settled order 
of superposition, different writers will describe them indifferent orders. I 
shall give them in the order in which they most usually occur, especially in 
this country. 

1. Clay slate or argillaceous slate. This rock is composed 
of fine argillaceous matter which has a fissile structure, and in 
the most perfect varieties its surface is more or less shining from 
chloritic and plumbaginous matter. Its principal deposit has al- 
ready been described, as a part of the Cambrian system. But it 
occurs frequently interstratified with mica slate and quartz rock ; 
and must, therefore, be regarded as a non-fossiliferous primary 
rock. Yet on the other hand, it also occurs intcrstratined with 
fossiliferous graywacke. There seems, therefore, a necessity 
for regarding clay slate as belonging both to the fossiliferous and 
non-fossiliferous strata. The farther we recede from the line 
separating these two classes of rocks, towards the oldest, the 
more highly glazed does the clay slate become, until it passes at 
length insensibly into mica slate, talcose slate, or hornblende 
slate. But receding from that line in the other direction, its 
surface becomes more dull, and its texture looser, until it forms 
what is usually termed shale ; and if we follow it still higher up 
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in the seiies, it becomes gradually changed into unconsolidated 

clay. 

Hem. A variety of clay simile used for whetstones and honr s is called 
wheistaiie date. Some of the best hones, however, are compact Alspar. The 
commop notion that they are petrified wood, is utterly groundlfss. Graphite 
slaU or drofwmg date^ is a variety of clay slate that contains several per cent, 
of carbon. 

2. Quariz rack. This rock is essentially composed or 
quartz, either granular or arenaceous. The varieties result 
from the intermixture of mica, felspar, talc, hornblende, or clay 
slate. In these compound varieties the stratification is re- 
markably regular ; but in pure granular quartz, it is often 
difficult to discover the planes of stratification. It is interstrati- 
fied with every one of the primary rocks, and also with gray- 
wacke: in which last case it often assumes a decidedly me- 
chanical structure : and even when a member of the primary 
series, this structure is sometimes visible. Macculloch s Prinr 
ciples of Geology, VoU 2. f. 174. Also Geological Classification^ 
p. 317. 

Rem, The arenaceous varieties of this rock form good firestanes : that is, 
stones capable of sustaining powerful heat. Some varieties of mica slate are 
still better. Qneiss of an arenaceous composition is also employed ; as aro 
several varieties of sandstone of different ages. The firestone of the English 
green sand, is a fine siliceous sand cemented by limestone. tHtton on the 
SlreUa below the cktdk, p. 137. 

3. Hornblende slate. Hornblende predominates in this rock ; 

but its varieties contain felspar, quartz, and mica. When it is 

pure hornblende, its stratification is often indistinct, and it passesr, 

by tsdcing felspar into its composition, into a rock resembling 

greenstone. It occurs in every part of the primary series ; but 

its more common associations are argillaceous slate, mica slate 

and gneiss ; into which it passes by insensible gradations. 

'\^ariety. Dr Macculloch describes adfuolite schist, as distinct from 
hornblende slate: but as mineralogists now regard the two minerals as only 
one speeies, it is unnecessary to separate the rocks. 

4. Talcose slate. The talc in this rock, which is the essen- 
tial ingredient, and is sometimes in a pure state, is usually 
mixed with quartz and mica, and sometimes with limestone, 
felspar, and hornblende. It is associated sometimes with ar- 
gillaceous slate, and even graywacke : but usually, at least in 
tne United States, with mica siate, and rarely with gneiss. 

Varieties. CKloride slate is only a variety of talcose slate, in which 
the talc is almost pulverulent and compact, of a green color, and in much 
larger quantity thaji the quartz. Steatite is often nothing but schistose, 
talc, which is adherent enough to be wrought, and at other times it is some- 
what granular, and slightly indurated. This is the valuable stone so ex- 
tensively used for furnaces, fire places, aqueducts, &c. under the name of 
soapsto7i6 at freestone. 
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Obs. Most of Ihe beds o^sttotite in New England, lie at the junction of 
talcose and hornblende and mica slate. 

5. Serpentine. This is usually regarded as a simple mineral, 
which contains about 40 per cent, of magnesia ; and it is in fact 
a hydrated silitate of magnesia. Most European writexjs de- 
scribe it among the unstratified rocks; and no doubt it does 
'requently occur without any parallel division into strata^ and' in 
the form of veins. But the vast beds of it in the primitive 
regions of New England, are often distinctly stratified ; and I 
therefore follow Dr. MaccuUoch, who places this rock both 
in th« stratified and the unstratified class ; because this arrange- 
ment corresponds best with its characters in Scotland. Ine 
truth is, serpentine appears usually to be a metaphoric rock : 
that is, a rock which lias been subject to so bigh a degree of 
heat as to change its characters ; and yet not so high as in all 
cases to destroy the marks of stratification which it originally 
possessed. Many of its largest masses in New England are as- 
sociated with talcose slate near its junction with some other 
rock, especially hornblende slate. It is not a rock of much 
comparative extent. . 

6. Primary limestone. Limestone that alternates with pri- 
mary strata is called primary. Dr. MaccuUoch considers such 
alternation the only decided proof that a limestone is primary. 
Principles af Geology, Vol, 2. p. 209. Others, as De ia Beche 
makes its primary character to depend more upon its crystalb'ne 
state ; and hence assert that it occurs interstratified with 
fossiliferous rocks. Manunl of Geology, p. 435<. It is generally 
white and crystalline, resembling loaf sugar so much as to be 
called saccharine. But in some situations it is dark colored, by 
being penetrated with other rocks, and also nearly compact. 

Rem. When this rock occurs in the unstratified class, and also in some 
of the older stratified onps, it is often nearly or quite destitute of strati- 
fication. (Ex.gr. the limestone beds, in syenite in Newbury and Stone- 
ham, and in gneiss at Bolton, Massacliusctts : also in hornblende slate in 
Smithfield, R. I.: and in granite, in St. Lawrence and Essex Cotlnty, 
N. Y.) Hence it has been proposed to put primary limestone into toe 
unstratified class. Prof. Emmons^s Report on the Geology of the Second 
District of Nero York^ l838, p. 196. In many cases, however, it is most 
distinctly stratified : as for instance, in the bed lying between strata of 
gneiss on Cole*s Brook, in the west part of Middlefield, in Massachusetts. 
The interesting examples given by Prof. Emmons in St. Lawrence County, 
in his report above referred to, do indeed prove that tiiis rock may exist 
sometimes in the form of veins in granite. But looking at all the facts 
on the subject, they seem more satisfactorily explained by supposing primary 
limestone a metamorphic rock, like serpentine, which may therefore be 
found both stratified and unstratified, than by regarding it as always unstnk- 
fied and of igneous origin. 

7» Micot slate. This is a slaly mixture of mica and quartz, in 
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which the former predominates. Garnet and stanrotida art 
often so abundant in it, over extensive tracts, as properly to be 
regarded as constituents : hence the varieties, garnetiferous and 
stauTotidiferous laicH Bleite. This is one of the most common 
and best characterized of the primary rocks. 

8. Gneiss. The essential ingredients in this rock are qnartz, 
felspar and mica. Hornblende is occasionally present. These 
ingredients are arranged more or less in laminae, and the rock ie 
stratified. Where it passes into granite, however, (which is 
composed of the same ingredients,) the stratification, as well as 
the laminar arrangement, become exceedingly obscure ; and it 
is impossible to draw a definite line between the two rocks. 
Gneiss, as well as mica slate, is remarkable in some {daces for 
tortuosities and irregularities exhibited by the strata and lami- 
nae ; while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered excellent materials for economical 
purposes. 

Varieties, Gneiss sometimes contains crrstals of felspar, wbioh nve it a 
spotted appearance ; and this is called por^kyritic^gneiss. When tde taJ^es 
the place of mica, the rock is- called protogine. 

Rem. Gneiss is a rock of great extent in the United States: especially Sn 
New England. 

Eurite or compact felspar. Dr. MaccuUoch describes a stratified rock asso- 
ciated with gneiss in Scotland, composed chiefly of compact felspar. De la 
Beche regards this as eurite, although most writers. consuler eurite as a mem- 
ber of the unstratified class. 

Prin. If all the stratified rocks have been deposited from 

water, as we have seen, the layers must have been originally 

nearly horizontal. 

Proof. Deposits now taking place rarely have an inclination greater 
than 10*^ over any considerable extent of surface : though in some favora- 
ble ctrcumstanc€:s, as when sand accumulates outward on a steep short, 
the strata may be inclined as much as 40*^. But a little care will enable 
any one to distinguish such. cases from the etTects of subsequent elevation ; 
and it still remains true, as a general £ict, that deposits now forming have 
only a slight inclination. 

Inf. Hence if we get the perpendicular thickness of a series 

of strata we ascertain the character of the crust of the globe to 

that depth. 

Expl. If we measure the breadth of a series of upturned strata, on a line 
at right angles to their strike, and ascertain their dip, we have given the 
hypothenuse and angles of a right angled triangle to find the perpendicular, 
which is the thicicness of the strata. If the strata are perpendicular, « 
horizontal line across their edges give their thickness. 

JFacts, By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferbus 
strata in Europe, is not less than 6 or 7 miles. In Pennsylvania, 
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fossiliferous locks beneath the top of the coal measures, are 
40,000 feet, or more than 7.5 miles, in thickness. Prof. Roger^s 
Report on the Geology of PenMylvania for 1838, p, 82. 

Descr. In the peninsula of Tauris, Pallas describes a contia- 
ued series of primary strata, inclined 45^, over a distance of 86 
miles ; which would give a perpendicular thickness of more than 
68 miles. LyeUs Prin, GeoU Vol. 2. 443. In New England, as 
for instance, on the railroad between Westfield and Pittsfield 
we have strata of primary rocks, for the most part nearly per- 
pendicular, not less than 20 miles in thickness. 

Hem. I. It ought to be recollected, that the primaty strata have been 
Bubjected to far more numerous disturbances than the secondary and 
tertiary; and, therefore, all such measurements as the above, are liable 
to give results not a little erroneous : since the strata may be so shifted as to 
be measured twice. In the example last quoted there may exist, as shown 
on page 37, one or more ^ded ajcis. Such sections, however, as those 
mentioned above, indicate, after all allowances are made, a great perpendicular 
thickness. 

Rem, 2. Dr. Buckland estimates the total thickness of all the stratified 
rocks in Europe to be at least ten miles. Bi'idgewatcT TretUise^ Vol. 
1. p. 37. 

Inf. We see from these statements how groundless is the 
opinion, that geologists are able to ascertain the structure of 
the earth only to tne depth that excavations have been made, 
which is less than a mile ; especially, when we recollect, that 
the unstratified rocks are uniformly found beneath the stratified ] 
and since their igneous origin is now generally admitted, it can 
hardly be doubted that they come from very great depths ; so 
that probably the essential composition of the globe is known 
almost to its centre. 



SECTION IV. 

LITHOLOGICAL CHARACTERS AND RELATIVE AGE OF THE UN- 

STRATIFIED ROCKS. 

Prin. The differences among the unstratified rocks result 
fxota two causes. 1. A difference in chemical composition. 2. 
The diversity of circumstances under which they were produced. 

Descr. All the varieties of those rocks pass into one another 
by insensible gradations, even in the same mountain mass; giv- 
ing rise to endless varieties, which cannot be described minutely 
in a treatise like the present. 

Descr. The two predominant and characteristic minerals in 
th6 unstratified rocks, are felspar, and augite, or hornblende. 

Rem. The recent researches of Rose and Mitscherlieh, render it 
probable that augite and hornblende are only varieties of the same Bfiineral 
species, which acquire thdr different crystalUne forms and other chaiactetistie 
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differences, in consequence of a difference in the rate of cooling ton aetata 
of fusion :— the former crystallizing rapidly, and the latter slowly. Roee 
fused hornblende, and found that on cooling it took the form of augite. 
JjyetVs Elemenis of Geology j Vol. 3. p. 192. Phillips's Treatise on Geo£gy, 
Vol. 2. j?. 54. 

DescT. The following arrangement of the nnstratified rocks, ' 
founded upon the relative quantity of felgpar and augite or 
hornblende, which they contain, has been suggested by ProC 
Phillips : Treatise on Geology^ Vol. 2. f. bl^ and is liable 
only to the objection, that we have not a knowledge of the 
composition of the older rocks sufficiently perfect, to make it 
certain that they are all put into the right place in the classifica- 
tion. * 

Division I. Felspathie* 

Felspar alone, or but slightly mixed with augite, honibk]id% 
hypersthene, diallage, &c. 

Ancient Modern. 

Granite and most Porphyries. Trachyte. 

Division 2. 

Felspar in nearly equal proportions with augite, hoznUendei 
hypersthene, &c. 

Ancient Modem. 

Syenite and Greenstone. Qraystones of Scrope. 

Division 3.' 

Augite, hornblende, hypersthene, or dillage, jvedomiaatflt 
over felspar (or olivine.) 

Ancient. Modern* 

. Basaltic series of most authors. Basaltic series of Scrope. 

Descr. On the same principles, that is, mineralogieal con^ 
stitution, Mr. Scrope has divided the products of extinct and 
active volcanos into three kinds : 1, Trachyte, which is fel* 
spathic : 2, Graystone, or a mixture of felspar and iron : 3, 
Basalt^ which is augitic. Girardin {Considerations General sur 
Us Yolcans, p. 13,) divides these products into the trachytie 
formations, (terrain,) the basaltic formation, and the lava for* 
tnation. 

Def. The melted matter that is ejected from a volcano, or 
remains within it, is called lava. Hence it is not improper to 
apply the term to any rock that is proved to have been m a melt- 
ed' state. But it is usual to confine it to the more modem un- 
stratified rocks, such as have been ejected from a crater. 

Rem. The igneous origin of all the unstratified rocks is now so generally 
admitted, that we may take it for granted : and make it the basis of cla»i 
■i£cation. The pfroof, however, will be presented in a subsequent sectioiL 
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Descr. Dava cooled rapidly, and not under pressure, forras 
glass, or scoria : but cooled slowly, and under pressure, it be- 
comes crystalline. Now the older unstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or less 
crystalline: whereas basalt, trachyte, and other j»oducts of ex- 
isting volcanos, are compact or cellular. Nor have we any but 
presumptive proof, that the former class are now produced by 
Igneous action. Hence it is inferred, that they were cooled un- 
der a vast pressure of the ocean and its subjacent beds : and 
hence they are called flutonic rocks: whelreas the latter are 
denominated volcanic rocks* Phillips^ s Treatise on Geology^ 
Vol. 2, f. 52. LyelPs Elements of Geqlogy^ Vol. I, p. 11. 

Prin. There is strong reason to believe that in some in- 
stances as in Saxony, and in Sutherlandshire, and Arran in 
Scotland, granite has been protruded through the strata after 
it became solid. LyelVs Elem. Geol. Vol. 2, 'p. 370. Solid 
basalt was protruded in a similar manner, according to Yon 
Buch, in the year 1820, in the island of Banda, in great quan- 
tities. Description des Isles Canaries, ^c, par L. ae Buck, p. 
412. Parisj 1836. Also Am. Bib. Repos. Jan. 1840, ^.34. 

Obs. The most important of the unstratified rocks will now be described 
in an order as nearly chronological (beginning with the oldest) as the present 
state of our knowledge will admit. 

1. Granite. 

Descr. The essential ingredients of this rock are quartz, 
felspar, and mica. Its prevailing colors are white and flesh- 
colored. In some cases the materials are very coarse, the crys- 
talline fragments being a foot or more in diameter. In other 
eases, they are so fine as to be scarcely visible to the naked 
eye: and between these extremes, there crxists an almost infinite 
variety. The fine grained varieties are best for economical 
uses : but the coarser varieties abound most in interesting sim- 
ple minerals. 

Varieties. Graphic graTtUe is composed of quartz and felspar, in which 
the former hat an arrangement which makes the surface of the rock exhibit 
the appearance of letters, as in Fig. 33. When granite contains distinct 
crystals of felspar, it is celled porphyntic. When the ingredients are blended 
into a finely granular mass, with imbedded crystals of quartz and mica, it hat 
been called by the French writers, ewrite. Pegmatite is a granular mixture 
of qiAartz and felspar. 

2. Syenite. 

Def. Syenite is composed essentially of felspar, auartz, and 
hornblende, the first predominating. When mic^ is also present 
the coxnpound is irequently denominated syenitic granite, 
Traite Elementaire de Geologie, par M. Rozet, Tome 1, p, 482L 
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Oil. 1. A great deal of confasion uiil tSvcnily of <^nioD hu ci- 
iaicd in Trgprcl to the natoie and position of ayeDite. MiccuUoch uukc* 
it to consiat or fclBpar (compuit oi cwnmon) hornblende uiii quutz ; *nd La 
limiU it to the overlyinff ot trap faiiiiljp', «nd coniiden the uulogoM 
compoundg tisaociatcd with granite, aa merelj yarieliea of the latter. In 
N. Englanil, luch a liintinction would be lerjr difficult, uDce the bum eon- 
tUmmiB faraiation or sjrenite, la ■omctimea connected, on the one huid, witit 
granite, and on the other nith porpbyr; and gieenitane. MaamMecA't 
aoDificatim afjlocks, p. 513. 

Fig. 33. 
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the name of syenite was derived, was nothing hut granite with Mack 
mica, and also that Mount Sinai in Arabia was composed of genuine 
syenite, a French geolo^st proposed to substitute Sinai for syenite:'-^ 
hut the suggestion, which was certainly a good one, has not been 
adopted. 

Obs. 3. Most of the syenite so famous in N. England for architectural 
purposes, as that from Ctuincy and Cape Ann, is composed of felspar, 
quartz and hornblende, the latter frequently disappearing. 

.3. Porphyry, 

Def: JRocks with a homogeneous, compsct, or earthy base, 
through which axe disseminated crystalline massei^ of some oth- 
er mineral of contemporaneous origin with the base, are denom- 
inated porphyry, ' True classical porphyry, such as was most 
commonly employed by the ancients, has a base, of compact fel- 
spar, with imbedded crystals of felspar. When the base is 
greenstone, pitchstone, trachyte, or basalt, the porphyry is said 
to be greenstone porphyry, pitchstone porphyry, trachytic por- 
phyry, and basaltic porphyry. The base is sometimes clinkstone, 
or claystone, and the imbedded crystals may be felspar, augite, 
olivine, &c. 

Inf, Hence the term porphyry designates only a certain form 
of rock, but does not refer to any particular kind of rock. When 
porphyry is spoken of in general terms however, felspar is 
usually meant. : 

Obs, The name porphyry signifies piirple, noQ<fUQa, such 
havine been the most usual color of the ancient porphyries: 
but this rock exhibits almost every variety of color. It is the 
hardest of all the rocks ; and when polished, is probably the most 
enduring. 

Descr. ClaysUme is an earthy compact stone of a purplish color^ appear- 
ing like indurated clay. - Compact felspar^ sometimes called petrosdex, is a 
hard compact stone of various colors ; fusible before the common blow 
pipe, and often translucent on the edges, like faornstone. Its predominant 
mgredient appears to be felspar. (clinkstoTie or phimolite ;) or fissile petrosileXf 
a greenish or greyish rocky diviuing into slabs or columns, ringing under 
the hammer, and apparfntly a variety of compact felspar. Homst^mt is a 
compact mineral, often translucent like a horn : of various colors : in hard- 
ness and fracture approaching flint : infbsible before the blow pipe : and 
hence composed chiefly of silica. Comean is between hornstone and com- 
pact felspar, compact and homogeneous; supposed to consist of felspar, 
Quartz and hornblende. All these substances form the basis of porphyry ; 
and hence we have clinkstone porphyry, hornstone porphyry, claystone 
porphyry, dec. When black augite forms the base of porpnyry, it u called 
tndaj^/i/re. 

4. Greenstone, 

Descr, Several unstratified rocks, whose principal ingredients 
aM ftlqMt and k^rnbleode or augite^ are called trap Rocks : 
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fiom the Swedish word trappay a stair : because they -are often 
arraneed in the form of stairs or steps. Although the term 
trap IS loosely applied, most writers hmit it to the varieties of 
rock called greenstone, syenitic greenstone, basalt, compact fel- 
spar, clinkstone, pitchstone, wacke, amygdaloid; augite rock, 
hypersthene rock, trap-porphyry, pitchstone porphyry, and tufa. 
Macculloch includes claystone and syenite. System of. Geology^ 
YoL 2. f. 80, 

. Descr. Greenstone is ordinarily composed of hornblende 
and felspar, both compact and common, the former in the greatest 
quantity. 

Descr^ The term dolerite has been used by the geologists of continen- 
tal Europe, as equivalent to greenstone. But accorain|( to Rose, dolerite 
consists of black augite and Labrador felspar: to which Leonhaid* adds 
iron. DiorUe is another name for a Tariety of greenstone, which Rose 
says is composed of albite and hornblende in grains. — But albite and 
hornblende are sometimes called andesite. — Dr. Macculloch calls those 
varieties of greenstone which have a green color, augiie rockj because augite 
is the predominant ingredient ; but the augite rock of Leonhard is almost 
wholly augite. When hypersthene takes the place of hornblende, he calls 
the compound hypersthene rock. System of Geoloey, Vd. 2. p. 108, 1 10. 
When greenstone is composed almost entirely of hornblende, the rock 
is denominated homMsnde rock. When the grains of felspar and horn- 
blende are quite coarse, it is called syenitic greevistone, whicn often takes 
quartz into its composition, and passes into granite, — All the above rocks 
are frequently porphyritic ; and hence we have augitic, or pyrozenie por- 
phyry, dioritic porphyry, &c. 

5. Trachyte. 

Descr. Trachyte is of a whitish or grayish color, usually 
porphyritic by felspar crystals, and essentially composed of 
glassy felspar, with some hornblende, mica, titaniferous iron, 
and sometimes augite. Bevdanfs Traite de Miner alogie^ Tome 
1. p, 566. hyelVs Elements of Geology, Vol. 2. p. 199. Its 
name is derived from the Greek, rQpix^s, rough, from its harsh* 
ness to the touch. It was an abundant product of volcanic ac- 
tion during the tertiary period, and usually appears to be older 
than basalt, although trachitic lavas have continued to be ejected 
down to the present day. Trachyte occurs in Anvergne and 
Hunsrary, and in vast quantities in South America : but not in 
the United States. It constitutes the loftiest summits of the 
Cordilleras. Hvmholdts Geognostical Essay on the Superposi- 
Hon of Rocks, p. 423. 

Descr, Trachyte in an earthy condition, as it. occurs In the Pays de 
Dome, in Auvergne, is called domite. Trachyte is usuaUy porphyritic, and 
hence we have trachytic porphyry. 

. 6. Basalt. 

Dtscr. This rock appears to be composed of augite, felqwr, 

7 
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and titaniferous iron ; and sometimes olivine in distinct grains. 
Its color is black, bluish, or grayish ; and its texture compact 
and uniform ; — ^more so than greenstone. Augite is the predomi- 
nant ingredient Probably in some cases, hbrnblemde takes the 
place of augite '; but from the nature of these two minerals, this 
can be regarded as of little importance. Basalt passes insensibly 
into all other varieties of trap rocks. De la BeMs MamuU of 
Geology, p. 453. hyelVs Elements, Vol. 2, p. 197. 

Rem. It is often asked whether basalt occurs in the United States. The 
litholoffical characters of some of our tjap rocks can hardly be distinguished 
from those of basalt: yet it is not probable that any of our trap rocks are as 
recent as the basalt 4)f£urope ; and hence our geologists usually refer them 
to greenstone. 

7. Amygdaloid, 

Descr, This term, like porphyry, is not confined to any one 
sort of rock; but indicates a certain formy which extends 
through all the trap family. Amygdaloid abounds in rounded 
cavities, like the scoria and pumice of modern lavas, and these 
are often filled with calcareous spar, quartz, chsdcedony, zeolites, 
and other minerals, which have taken the shape of the cavity : 
80 that the rOck am)ears as if filled with almonds, and hence 
the name from the Latin, amygdala, an almond. These cavi- 
ties, however, have sometimes been lengthened by the flowing 
of the matter while melted, so that cylinders are found several 
inches long. When they are not filled, the rock is said to be 
vesicular. . • 

Descr. A soft variety of trap rock resembling indurated 
clay, is called wacke, which may or may not be vesicular. 
From its resemblance to the toad probably, it is called in Der- 
byshire, loadstone. 

Rem., The slaty grajrwacke in the vicinity of Boston, as at Brighton and 
Hingbam, is converted into decided amygdaloid, without losing wholly its 
laminated structure. The same is the case with the red sandstone lying 
beneath the greenstone near Connecticut river. In the latter case, however, 
the cavities are rarely fiUed. 

Prismatic, or Columnar Structure. 

Descr, One of the most remarkable characteristics of the 
trap rocks, is their columnar structure, This consists in the 
occasional division of their substance into regular prisms, with 
sides varjdng in number from three to eight, usually five or 
six, whose^ length is sometimes not less than 200 feet. They 
are sometimes jointed ; that is, divided crosswise into blocks, 
from one to several feet in length : whose extremities are more 
or less convex or concave, the one fitting^ into the other. Usu- 
ally th«M eolnmiiB stand nearly perpen£cular, and when worn 
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mty on the side, they pmsent naked walla wliieli appear 1ik< 
the work of art. They stand so closely compacted togethei 



to fire feet 
Rfm. \. The conca.ve e 

fool of Mount , , 

-- lelop. The fbllowins iketch, Fig. 34, ahowi tluil Bifiemiioa 

■t the Giint'* Ctiiuew>7 in Ireland. 

FiK. 34. 



Rtm, S. The eolnnui&r uid trappoee forma of bBBaU ukd g 

bkve proditcei] mate of the moat remarkable icfinery on ihe globe. ElDggJ'a 
Cave in the iilanil of StaSt, (one of the Wertem lilandi of Scotland,) 
end the Giant's Causewaj' in the north of Irdand, are almort too wctQ 
known to need description. Sulla ia compoaeJ entirely of bamlt w''"- - 



thin aoil, and ita ahares are for (he moat part a Meep cliO; 70 teet high, 
formed of columns. The caie ii a thaam (in theee cc\\imn»,)4S fee« wHe, 
and 227 feet long, tbrmed b; the action of the waT«. The Ibllowing 
sketch, Fig. 35, will conve; an idea of the utaation of the care and oT th« 



f%V«''' Can: Btaja- 



K"' 



TIT Air a FIAZXA. 

tome idea of the i;q)CKniice af an overhuaing groap vt 

_!■ Bl a place on Mount Holyoke in MuBachuselw, which 

ilBQomioated Titaa't Piazza. The lower end of the coiuma», aeien J 



Titan'l Fiana .- JiB. Bbfi/alie. 
Doer, The Giant's CauaeiTBy eonsisti or an irrcguTu group of pentar 
gODal BolumiM, Irom ooe to Bve feet thick, and from QO to SDO feet high. 
Jointed U DinaL Where the sea has had acceaa to them, their upper ' 
poitioni are worn aw^, nhile (he lower part remsina extending an un- 
tmown dntance beneath the waves, and aeeming the rain of aome ancient 
work of art, too mighty for man, and therefore referred to the ^nnta. 
Here alao ii k caTs of ctmndetable eitenL Geologicdl Trmaactioai, Vol. 4> 
Ahp Seriet. 
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Rem. 3. When a trap vein, or djke, k columnar, the colomns often 
he horizontal, or rather perpendicular to the sides of the vein: and Uiui 
is produced a wall of stones, regularly fitted to one another and hud up, 
apparently by man : while often a decomposition Qf the sur&ioeft of tb* 
blocks, produces a powder resembling disintegrated mortar. A wall of 
this sort was formerly discovered in Rowan County, North Carolina, 
which projected above the rock which it traversed, in consequence of 
the decay pf the rock, and it was for a long time confidently believed to 
be a work of human skill, proving the former existence there of a powerful 
and civilized people. Dykes of this description are very common in the 
State of Maine. 

Rem. 4. Greenstone columns standing upright, or. leaning only a few 
degrees, are quite common in North Ameriea; and &rm some of our 
most interesting scenery. The most extensive formatiDd'of this sort appeara 
to be in the country west of the Rocky Mountains, Where the Columbia 
river passes through mountains of trap, (not improbably of basalt,) from 400 
to 1000 feet high ; and where several successive rows of columns are super- 
imposed one upon another, sepai'ated by a few feet of amygdaloid, con- 
glomerate, or breccia. Parker's Journal of an Exploring liur bfy&nd the 
Rocky Mountains, p. 208. Ithaca, 1838. 

The Palisadoes on the banks of Hudson jiver, are another example of 
greenstone columns. They exist also on Penobscot river ; and very perfect 
examples occur on Mount Holyoke and Tom, on Connecticut river, an ex- 
ample of which has been given in Fig. 36. 

Prin, The columnar structure of the trap rocks, has resulted 
from a sort t)f crystallization ivhile they were cooling under 
pressure from a melted state. 

Proof 1. Precisely similar columns are found in recent lavas. 
Wonders of Geology^ Vol. 1. p. 248, 250, athd Vol. 2. p. 640. 
2. Mr. Gregory Watt melted 700 pounds of basalt and caused 
it to cool slowly ; when globular masses were formed, which en- 
larged and pressed against one another until regular columns were 
the result* BakeweWs Geology^ p. 1 46. 

8. Serpentine, 

Descr. This rock has been already described in the section 

on the stratified rocks, and the reasons stated for placing it in 

the stratified as well as the unstratified class. 

Pescr. DiaUage rock, which is the enphodde of tbe iFrench, the gabbrs 

of the Italians, and some ophiolites of Brongniart, is essentially composed 

of felspar and diallage : but it sometimes contains serpentine, mica, and 

quartz. Diallage and serpentine are very nearly allied. Opkite is a green 

porphyritic rock, with a base of hornblende and felspar, (the former 

greatly predominating,) and containing crystals of hornblende, it pnsses 

into serpentine by a mixture with talc. , Ophvake (French), is composed 

of limestone and serpentine," with talc and chlorite. Under this rock is 

arranged the beautiful verd anliqiie marble, such as occurs in Newbury 

and Middlefield in Massachusetts, and at New Haven and Milford in 

Connecticut. B^ongniatVs Tableau des 7\rraivs, cf-c. p. 325. Cipolin is 

a saccharine limestone which coj tains mica, or talc, as a constituent. This 

forms several interesting varieties of marble. RozeVi Traiia EkvieTUaire d£ 

Oeologie,p,lSl. Tome 1, 

7» 
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9. Lava. 

Descr. Laya, as remarked in another place, embraces all tli6 

melted matter ejeeted from volcanos: and the two minerals 

felspar and augite, con&titute almost the entire mass of these 

products, '\Vhen the former predominates, light c^ored lavas 

are the result ; when the latter, the dark varieties. The former 

are c^Hledfelspathic or tr achylic^ and the latter, augitic or basal' 

iic lavas. 

Bern. Other simple minerals occur in lava. Thus in the products of . 
Vesuvius alone, not less than 100 species have been detected ; but they form 
so inconuderable a part of the whole mass^ as not to deserve consideration in 
a general view like the present. 

Descr, Trachytic lam, corresponds in most of its characters 
to the trachyte of the older igneous rocks. When cooled under 
pressure, solid rock results ; out when cooled in the air, it io 
porous, fibrous, and light enough to swim on water, as is the case 
with pumice, large masses of which are found sometimes in tho 
midst of the ocean. Sometimes it is porphyrinic, like the older 
trachytes. 

Descr, In like manner the basaltic or augitic lavas exceed- 
ingly resemble the more ancient basalt; and are in fact tlie 
same thing, produced under circumstances a little different 
When cooled under pressure, compact basalt is the result ; but 
cooled in the open air, they are scoriaceous or vesicular, and 
are usually called scoriae. 

Descr* Graystone lava is a lead grey or greenish rock, 
intermediate in composition between basaltic and trachytic 
lavas: but the felspar predominates, being more than 75 pes 
cent. When albite takes the place of common felspar, the lava 
is denominated andesitic, 

Descr. Vitreous la/ta^ has a fracture like glass. Obsidian seems to be 
merely melted glass. Pitchs^one is less glassy, with an aspect more ake 
pitch. It is usually composed of felspar and augite, and oflen passes into 
oasalt. Its composition however varies. 

Descr. The small angular fragments and dust of pumice, 
(which is vesicular trachytic lava,) and of scoriae, (which is 
vesicular basaltic lava,) which are produced by an eruption, 
falline into the sea, or on dry land, and mixing with sand, gra- 
vel, shells, &c. and hardened by the infiltration of carbonate of 
lime or other cement, constitute the substance denominated 
tuff. When this rock occurs with trap, it is called trap tvff; 
and when with modern lava, volcanic tuff. If it contain large 
and angular fragments, it is called volcanic breccia* When the 
fragments are much rolled, the rock is a tufacemis conglomerate* 
The basaltic tuffs are denominated by the Italian geologistii 
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^eperino, A kind of mud is poxued out of some Tokanic craters, 
which forms what is called trass. 

Descr, Sometimes, especially at the ^leat volcano of Kairaitea, on tlie 
Sandwich lalandsj when lava is thrown mto the air, the wind spins it out 
into threads, resembling flax, and drives it i^ainst the .sides of the crater. 
This is called volcanic glass s and hy the natives of Sandwich Islands, Pek^s 
hair ; Pele having formerly been re^purded as the presiding divinity of the 
volcano of Kairauea, 

Descr. Other substances ejected from volcanos aro frag- 
ments of granite and other rocks, scarcely altered ; cinders and 
ashes of various degrees of fineness, which are often converted 
into mud by the water that accompanies them ; also sulphur in 
a pure state ; various^ salts and acids; and several gases ; among 
which are the hydrochloric, sulphurous, and sulphuric acids ; 
alum, gypsum, sulphate of iron and magnesia, chloride of sodium 
and potassium, oi iron, copper, and cobalt ; chlorine, nitrogen, 
sulphuretted hydrogen, &c. fee. 

Descr. The unstratified rocks, as a general fact, are more fusi- 
ble than the stratified ; and of^the unstratified the fusibility in- 
creases in passing from granite along the scale to modern lava. 
This is owing to the fact that the quantity of lime, and some- 
times of alkali, is greater in the more recent rocks; for these 
substances act as a flux. 

Relative Age of the Rocks. ' 

Prin, In the stratified rocks the relative age of the different 
groups is determined by their superposition ; the lowest being 
the oldest : but in the unstratified rocke, there is reason to be- 
lieve a reverse order exists : that is, the oldest member of the 
series lies immediately beneath the stratified ^ocks ; the next 
oldest beneath this; and so on, till we reach the lava of existing 
volcanos ; which probably comes from a greater depth in the 
earth thsoi any other unstratified rocks. 

lUus. Fig. 37, will more clearly illustrate this proposition. 

Prin. The aees of the unstratified compared with those of 
the stratified rocks, are determined by ascertaining how far the 
former hav^ intruded upward among the latter. 

lUus. If for instance, we never find the veins of a particular igneous 
rock shootinff upward higher than the primary rocks, we may infer that it is 
older than the secondary strata, but newer than the primary; because the 
latter must have existed prio^ to the intrusion of the unstratified rock. 
And so, if an igneous rock is intruded only into the primary and secondary 
strata, we may infer that it is, older than the tertiary strata, and newer 
than the secondary ; and so on with the groups stUI higher. Hence the 
igneous rocks, a, a. Fig. 37, formed during the deposition of the primary 
rtrata, whoss vans extend no higher -than those strata^ may be called, (to 
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kjot* the phrucolosf oT Mr. Ljrll,) the primaty fbilmui : Ihow donBg the 
dcpodtioQ ortbii ■eeondar]' itnu, b, b, wbiMe lani ilo Dot enter the (eitiai; 
■erin, the teemidan/ fhUonic : UieM during the depoiUion of ibe (ertiary 
ilnlii, c, c the Urtiary ftutamc: aod Um from «cti*« ideuioa, d, d, ttw 

Fig. 37. 
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ever, we do not find varietiea of un- 
s are thus distinctly (confined to eacli 
of the great classes of rocks. thoup;h there is evidence that vol- 
canic agency was active during all the periods of their deposi- 
tion. But the same igneous rock appears to have been ejected 
at different epochs. Granite, however, seems to have greatly 
predominated during the 6r8t or primary period ; and is found 
only occasionatly during the secondary period ; though in a feir 
instances (at Weinhohla) sjenitic granite has been protruded 
through the chalk, but never among the tertiary etrata. Por- 
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phyry appears to Have been mostly confined to the period of the 
latest primary, and the older secondary (transition) rocks. Trap 
rock predominated in the secondary and tertiary periods, while 
volcanic rocksj in the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Rem, It is obvibus, that with the ezcradon of lava, the abore rule 
Icff determiDinff the relative age of the stratined and unstratified rockB, does 
not show us when the latter began to be erupted, but only when their erup- 
tions ceased. 

Inf. From the phenomena that have been detailed respect/ 
ing the uiistratified rocks, it has been inferred that the condition 
of the earth, both internal and external, must have been different 
at different epochs ; so as at one period to be peculiarly favor- 
able for the production of granite and syenite, at another of por- 
phyry, at another of trachyte, at another of basalt, and finally 
at another of the lava of extinct and active volcanos ; and hence, 
that the older igneous rocks, (ex. gr. granite, syenite, &c.) are 
no longer produced^ except perhaps in the deep recesses of the 
earth* 

Proof. 1. The greater abundance of granite and syenite associated with 
the primary than with the newer strata, and of trap and volcanic rocks 
with the higher formations. 3. The almost entire identity between 
the chemical constitution of granite and the primary stratified deposits 
indicates some general and common cause fbr tne origin of both : while 
the difference of ultimate constitution between granite and the newer 
stratified rocks, particularly in the greater quantity of Hme in the latter, 
indicates a difference of origin* 3. The gradual* and insensible passa^, 
on an extensive scale, of granite into gneiss, hornblende, slate and mica 
slate, indicates some general cause for their production, and that the 
diversity existing between them, has resulted from slightly modifying 
circumstances : while no such transition of any consequence between 

ganite and the newer stratified rocks has ever been discovered. 4. 
ranite and the trap rocks differ so much in chemical constitution, as to 
show that they must have originated from different masses of matter. 
Thus, granite contains about 20 per cent, more of silica than greenstone ; 
about f per cent, less of alumina; 8 per cent, less of mi^esia; 7 per 
cent, less of lime; and two per cent, less of oxide of iron. 5. The 
correspondence between the chemical composition of the fossiliferous strati- 
fied and the trappean and volcanic rocks ; that is, we find in both classes 
a diminution of silica and an increase of alumina, magnesia, and lime. 
6. In consequence of containing much more of silicate of lime, the trap rocks 
are more fusible than the granitic : so if we adnut that the internal tem- 
perature of the earth has diminished, we might expect that the former would 
remain in a melted state after the latter haH all been consolidated. De la 
BeMs Theoretical Geology^ p. 305. 

Opposite JBfypothesis. Mr. Lyell maintains that unstratified rocks of^very 
description may now be fi>rmingiit various .depths in the earth, even in the 
same relative quantity as at any former period ; and that the different de- 
grees of pressure and other circumstances under which the melted^ matter is 
cooled, are sufficient to explain the differences of composition and lithological 
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diaracten which they exhibit. It is not pretended, however that there h 
any positive evidence in favor of this supposition : that is, none of these re- 
cent Plutonic rocks have ever been seen. L/yeWs Elements Geology^ Vol, 2. 
1^.347. 

Geological Maps and Sections, 

Descr. Common oi physical maps form the basis of geolo- 
eical ones : and when the former are inaccurate, the latter must 
be so too. The chief difference between them is, that on a geo- 
logical map the different rocks found in the region delineated 
are shown either by dots, crosses, circles, &c. or more usually 
by colors. The only exception is, that when the nature of 
the subjacent rock can be determined, diluvium is usually 
omitted. 

Descr. Some geological maps designate only the <;lasses of 
rocks : but these are very imperfect, and the best maps show 
the extent of each rock. 

Descr. The dip of the . strata, (which of course determines the strike,) 
is sometimes shown upon a ffeolo^al map. This is usually done by an 
arrow, which points in the direction of the inclination. If the strata are 
perpendicular, it may be represented by the lines crossing at right angles ; 
one of which is shorter than the other. If the two lines are equal, so as to 
form a cross they indicate horizontal strata. An. anticlinal axis is shown by 
a straight line crossed by an arrow with two heads* Where the strata un- 
dulate a good deal, the body of the arrow may be crooked. De la Beckys 
Manual of Geology, p. 602. 

Rem. The best geological maps hitherto published in Europe, are 
Gh«enough's map of England and Wales; Elie de Beaumonrs and 
Dufrenoy's France ; Hoffman's Northwestern Germany ; and Oeynhausen, 
La Roche, and Von Dechen's Rhine. In this country, Maclure*s Geological 
Map of the United States, although it exhibits only the great classes of 
rocks, yet considering the early period at which it was executed, must be 
regarded as very valuable and a work of immense labor. The geological 
surveys now going on in most of the States, have already produced Maps 
of Massachusetts, Rhode Island, New Jersey, and Tennessee ; and others 
are in a state of great forwardness. 

Descr. A gec^ogical section represents a vertical cut in the 
earth's crust, so as to exhibit to the eye the rocks in their na- 
tural and relative situation. I'he most valuable sections of this 
sort are those copied from cliffs, on the sea coast, or the banks 
of rivers. But usually it is necessary to construct them from 
what we can learn of the rocks and their dip at the surface ; 
presuming that they continue the same to the depth of the sec- 
tion. Such sections, therefore, are somewhat ideal : *but if 
carefully constructed, we may be sure that we are not far from 
the truth. 



Descr. It is usually necessary to employ two scales in constructing 
tions : one for heights, and the other for horizontal distances : otherwise thm 
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MctioDS mmt be of great extent, or the heights would be eeucely percepti- 
ble. On the other hand, two scales produce distortion : so that great caution 
is necessary, not only in the construction of sections, but in drawing infer- 
ences from them. 



SECTION V. 

r 

r 

PALEONTOLOGY, OR THE SCIENCE OF ORGANIC REMAINS. 

Def. In all the stratified rocks above the primary, more or 
less of the relics or^ traces of anim&ils and plants occur, some- 
times called petrifactions, but more commonly, organic remains. 

Def. That branch of geology which gives the history of 
tbese remains, was formerly denominated oryciology ; but is 
now called paleontology, 

1. General Characters of Organic Remains, 

* Deser. In a few instances, animals have been preserved en- 
tire in the more recent rock. 

Exam. About the beginning of the j[>Te8ent century, the entire carcass of 
an elephant was foUnd encased in frozen mud and sand in Siberia. It 
was covered with hair and fur, as some elephants now are in the Himalayah 
mountains. The drift along the shores of the Northern . Ocean, abounds 
with bones of the same kind of animals : but the flesh is rarely preserved. 
Cuvief's Essay on tht Theory of the Earth, p. 253, Netp York, 1818. De 
^41 Beckers Manual of Geology, p. 200. In 1771, the entire carcass of « 
rhinoceros was dug out of the frozen gravel of the same country. Bake^ 
weWs Geology, p.'S'ii. 

Descr. Frequently the harder parts of the animal are pre- 
served in the soil or solid rock, scarcely altered. 

Rem. Msuiy well authenticated instances are on record, in which 
toads, snakes, and lizards, have been found alive in the solid parts of 
living trees, and in solid rocks, as well as in gravel, deep beneath the 
surface. But in these instances the animals undoubtedly crept into such 
places while young, and after being grown could not get out. Being 
very tenacious of life, and probably obtaining some nourishment occa^ 
sionally by seizing upon insects that might crawl into their nidus, they 
might sometimes continue alive even many jears. But such examples can 
not come under the denomination of organic remains. See an interesting 
paper on this subject by Dr. Buckland, m the American Journal of Science, 
Vol. 22, p. ^2. 

Descr. Sometimes the harder parts of tlie animal are partially 
impregnated with mineral matter ; yet the animal matter is still 
obvious to inspection. 

Descr. More frequently, especially in the older secondary 
Tocks, the animal or vegetable matter appears to be almost 
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Bntirely replaced by mi&exal matter, so as to form a gentdne 

petrifaction. 

Rem. Probably in every case, however, a chemical process would show 
the presence of considerable organic matter. ParkinsoTCs Organic Bemains 
of a rormer World, Vol. 2.p.28i. 

Descr. Sometimes after the rock liad become hardened, the 
animal or plant decayed and escaped through the pores of the 
stone, so as to leave nothing but a perfect mould. 

Descr. After this mould had been formed) foreign matter 
has sometimes been infiltrated through the pores of the rock, 
so as to form a cast of the animal or plant when the rock is 
broken open. Or the cast might have been formed before the 
decay of the animal or plant. 

Descr. Frequently the animal or plant, especially the latter, 
is so flattened down that a mere fijm of mineral matter alone 
remains to mark out its form. 

Descr. All that remains of an animal sometimes is its track 
impressed iipon the rock. 

Descr. The mineralizer is most frequently carbonate of 
lime ; frequently siliiia, or clay, or oxide, or sulphuret of iron, 
and sometimes the ores of copper, lead, &c. 

2. Nature and Process of Petrifaction. 

Def. Petrifaction consists in the substitution, more or less 
complete, by chemical means, of mineral for animal or vegetable 
matter. De la Beckers Theoretical Geology, Chapter 13. 

Descr. The process of petrifaction goes on at the present 
day to some extent, whenever an animal or vegetable substance 
is buried for a long time in a deposit containing a soluble 
mineral substance that may become a mineralizer. 

Exam. 1. Clay containing sulphate of iron, will, in a few y^ears, or even 
months, produce a very percepiible change towards petrifaction in a bone 
buried in it. Bdk&iceWs Geology ^ p. 19. Some springs also hold iron in 
solution ; and vegetable matters are in the process of time thoroughly 
changed into oxide of iron. This is seen often where bog iron ore is yearly 
depositing. 

Exam. 2. M. Goppert placed fern leaves carefully in clay, and exposed 
the clay for Bome time to a red heat, when the leaves were made to 
resemble petrified plants found in the rocks. Wonders of Geology , Vol. 
2. p. 561. 

Uijpothetical Exam. 3. M. Patrin and Brongntait suggest that the petri- 
fying process may sometimes be effected " suddenly by the combination of 
gaseous Huids with the principles of organic structures.^' Wonders of 
Geologij^ Vol. 2. p. 559. Some facts render this probable. For. stems of a 
soft and succulent nature are preserved in flint ; and the young leaves of a 
palm tree in a state just about to shoot forth, have been found completelj 
irilicified. lAftWs Blments of QetHogyy Vd. 1. p, 82. • 
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3. Means of determining the Nature of Organic Remains. 

Prifh The first requisite for detenmnmg the character of 
organic remains, is an accnrate and extensive knowledge of 
zoology and botany. This will enable the observer to ascertain 
whether the species found in the rocks are identical with those 
now living on the globe. 

Prin. The second important re^^te is a knowledge of 
comparative anatomy : a science which compares the anatomy 
of different animals and the parts of the same animals. 

Rem. 1. This recent science reveals to us the astonishing fact, 
that BO mathematicaUy exact is the proportion between the different 
parts of an animal, *' that from the character of a sins^le limb, and even 
of a single tooth, or bone, the form and proportion of the other bones, 
and the condition of the entire animal may oe inferred.'' — ** Hence, not 
only the frame work of the fossil skeleton of an extinct animal, but also the 
character of the muscles, by which each bone was moved, the external form 
and figure of the body, the food, and habits, and haunts, and mode of life 
of creatures that Ceased to exist before the creatieti of the hnman race, can 
with a high degree of probability be ascertained." BucklaruVs Bridgewater 
Treaiiss, Vol. I. p. 109. See also CuvUfs Ossemvtis FossUeSj Tome 1. p, 47. 
Troidzme Edition. 

Rim. % It is clear from the preceding statement, that no individual can 
hope to possess in himself all the requisites for successfully determining 
organic remains. For the field is too large for any one to hope to become 
familiar with all its parts. Hence, at this day, it is customary for the 
geologist to resort for aid to the botanist, the zoologist and the comparativ* 
anatomist. 

4. Classification of Organic Remains. 

Prin. Organic remains may be divided, according to their 
origin, into three classes : 1. Marine. 2. Freshwater. 3. 
Terrestrial, 

Rem. 1. The last class appear in most instances where they occur, to 
have been swept dSwn^y streams from their original situation into estuaries ; 
where they were mixed w;th marine relics. Sometimes, perhaps, they were 
quietly subrnfrged by the subsidence of the land. 

Rem. 3. The following table will show the origin of the remains in the 
dififerent groups of fossiliferous rocks. 

Cambrian and Silurian Systems ^ Marine. 

(Graywacke.) ) Rarely Terrestrial. 

Old Red Sandstone. Marind. 

Carboniferous Limestone. * Do. 

Coal Measui^s. Terrestrial Estuary Deposits. 

and submerged land. Rarely perhaps fresh water deposits. 

New Red Sambtone Group. Marine. 

Oolitic Group. Mostly Marine. 

but in a few instances, *l!*errestrial. 

Wealden Rocks. Eatoary Deposit. 

Cretaceous Group. MarioA, 

8 
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Tertiary Strata. Mariae and Fresh Water. 

Diluvium. Terrestrial. 

Inf, It appears from the preceding statements that by 
far the greatest part of organic remains are of marine ori- 
gin. Nearly all the terrestrial relics indeed, and many of 
fresh water origin, have been deposited beneath the waters of 
the ocean. 

6. Amo%f.ni of Organic Remains in the EartKs Crust, 

Descr. The thickness in feet of the fossiliferous strata in 
Great Britain, as given in the tabular yiew of the stratified 
rocks, is as follows. 

Sis 

Tertiary Strata, 1350 feet. 
Chalk, 600 do. 

Green Sand, 480 do. 

Wealden Group, 900 do. 

Oolite — ^mean thickness, 1230 do. 

Lias, 1050 do. 
New Red Sandstone, 900 do. 

Magnesia n Limestone, 300 do. 

Coal Measures, 3000 do. 
Millstone Grit, 900 do. 

Carboniferous Limestone, IROO do. 

Old Red Sandstone, 9900 do. 

Silurian Rocks, 7470 do. 

Cambrian. System, 9000 do. 

Total, 34.080 feet; or about 6.5 miles. 

Hem. 1. We have already seen that Prof. Rogers makes the fossi- 
liferous rocks in this country below the coal measures incIusiTe, 40.000 
feet thick. 

Descr. Organic remains occur more or less in all the fossi- 
liferous ' strata whose thickness has been given. As a matter 
of fact, they have been dug out several thousands of feet below 
the present surface. 

Descr. In the Alps, rocks abound in organic remains from 
6000 to 8000 feet above the level of the sea : in the Pyrenees, 
nearly as high ; and in the Andes and the Himalayas, at the 
height of 16.000 feet.* 

Descr. Frequently beds or layers of rock, many feet in 
thickness, appear to be made up almost entirely of the remains 
of animals or plants : indeed, whole inoi^intains, hundreds and 
even thousands of feet high, are essentially composed of organic 
matter. 

' See note C. 
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Dmct, Prodig^oiis aceumulations of the xelics of microseopie 
animals are frequently found in tHe rocks. 

Exam. 1. From less than 1.5 ounce of stone, in Tuscany, Soldani 
obtained 10.454 chambered shells, like ihe Nautilus :— 400 or 500 of 
these weighed only a single grain ; and of one species it took 1000 to make 
that weight. These were marine shells. Suckland^s Bridgewater Treatiu, 
VoLLp.m 

Exam. 2. In fresh water accumulations a microscopic cmstaoeous ani- 
mal called the cypiis, oflen occurs in immense quantities; as in the 
Hastings sand ana Purbeck limestone in England, where strata 1000 
feet thick are filled with them : and in Auvergne, where a deposit 700 
ieet thick, over an area 30 miles wider "and 80 in length, is divided into 
layers as thin as paper by the exuvin of the C3fpris. Same Worky p. 118. 

Exam. 3. But perhaps the most remarkable example b that derived from 
the recent discoveries of the Prussian naturalist JEhrenberg, respectinff 
the fossil remains of animalcula. In one place in Germany is a bed il 
feet thick, made up of the shields of animalcula so small, that it requires 
41.000.000.000 of them to form a cubic inch; and in another place, a 
similar bed is 28 feet thick. In Massachusetts, are numerous beds com- 
posed of the siliceous shields of infusoria (of a somewhat larger size 
than those mentioned above,) many feet in thickness; and siminur beds 
occur all over New Elngland and New York. Recently deposits of these 
carapaces or shields, have been discovered by Prof. Wm. B.. Rogers in 
the tertiary strata of Virginia, extending over large areas, and from 12 
to 25 feet thick ! Report on the Geology of Virginia^ for 1840, p. 28. 

Descr. It is a moderate estimate to say, tliat two thirds of 
the surface of our existing continents are composed of fossi- 
liferous rocks ; and these as already stated, often severed thou- 
sand feet thick. 

Rem. 1. This estimate might, without exaggeration, be confined to 
strata that contain marine exuviie : — that is, such as were deposited b»> 
neath the ocean. 

Rem. % After all, the |»receding statements convey but a very im- 
perfect idea of the amount of organic relics in the rocks. To obtain a 
just conception of their vast amount, a person must visit at least a few 
localities. 

6. Distribution of Organic Remains. 

Descr. Existing animals and plants are arranged into dis- 
tinct groups, each group occupying a certain district of land or 
water ; and few of the species ever wander into other districts. 
These districts are called zoological and botanical provinces ; 
and very few of the species of animals and plants which they 
contain, can long survive a removal out of the province where 
they were originally placed ; because their natures cannot long 
endure the difference of climate and food, and other changes to 
which they must be' subject 

RSi. Although naturalists are agreed in maintaining the existence 
of such provinces, yet they have not yet settled their exact number ; be- 
eause yet ignorant of the plants and animals in many parts of the earth. 
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Dr. Pricban! proposes 4nvea for the aniraaU. PhfsUal BUtery of Mankind^ 
Vd, 1. pp. 68 — 97, third ediHon. Mr. Swainson eBtimates the ornithological 
provinces at five. Encydopadia of Geography, Vol. 1. p. 267. Bory St 
Vincent makes five for the mammalia alone. DicHonnaire Classique DUisL 
Naini/reUe^ T}nne Septieme^ p. 300. Some have reckoned as many as 
eleven : but what makes it very difficult to determine the point, is, that the 
boundaries of these provinces for different classes of animals does not 
always coincide. DecandoUe, reckons the botanical provinces at twenty. 
Prof. Schonw makes twenty-two. E^ncydopadia of Geography, Vol. 1. p, 
250, Am. Edition. But Prof. Henslow estimates them approximately at 
forty-five. Dr. Smithes Scripture Geology^ p. 73. On this difficult subject, 
see the fVench Dictioruury of NaturM History above referred to. Article 
Geographic: Also FUndn^s Philosophy of Zoology, Vof. 2. Also LyeWs 
PriTiciples of Geologp, Vol. .3. Also Priohard^s Physical History of Man, 
V^. 1. Encydopcedtaof'Cfeography, Vol. I. 4^. ^. 

Descr. Sometimes mountains and sometimes oceans separate these districts 
on. the land. In the ocean they aro sometimes divided by currents or 
shoals. But both on land and in the water, difference of climate £>rms the 
most effectual barrier to the migration of species: since it is but a few 
species that have the power of enduring any great change in this respect. 

Descr. In some instaaces, organic remains are broken and 
ground by attrition into small fragments, like those which are 
now accumulating upon some beaches by tbe action of the 
waves. But often tbe most delicate of tbe harder parts of tbe 
animal or plant are preserved ; and they are found to be group- 
ed together in the strata very mucb as living species now are 
on tbe eartb, 

IIlus. In a fossil! ferous formation of any considerable thickness, we 
usually find somewhat such an arrangement as the following. The 
whole is divided into many distinct beds of different thickness. At the 
bottom, perhaps, we shall find a layer of argillaceous or siliceous rock, 
with few or no remains : then will succeed a layer, perhaps calcareous, full 
of them in a perfect state : next a layer of sand or clay, or limestone con- 
taining none : next a layer made up of the fragments of rocks, animals, and 
plants, more or less comminuted : next a layer of fine clay : then a layer 
abounding in remains. And thus shall we nnd a succession of changes to 
the top of the series. 

Inf. From these facts it is inferred, that for tbe most part, 
the imbedded animals and plants lived and died on or near 
the spot where they are found; while it was only now and then, 
that there was current enough to drift them any considerable 
distance, or break them into fragments. As they died, they 
sunk to the bottom of the waters and became enveloped in mud, 
and then the processes of consolidation and petrifaction went 
slowly on, until completed. 

Rem. 1. So very quietly did the deposition of the fossiliferous rocks 
proceed in some instances, that the skeletons and indusis of microscopic 
animals, as we have seen, which the very slightest disturbance must have 
crushed, are preserved uninjured ; and frequently all the shells foun^ in a 
layer of rock, lie in the same position which similar shells now assume upon 
the bottom of ponds, lakes, and the ocean : that is, with a particular part4>f 
the shell uppermost. 
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Rem. 2. Were the bottom of our existing oceans and lakes, where 
mud, sand, and gravel, have been accumulating for ages, and enveloping 
the animals and plants that have died there, or been drifted thither, were 
this to be now elevated above the waters, we should find ezactl^r such 
an arrangement of organic remains, as We find in a particular formation of 
the solid rocks. While there would be a resemblance between the relics 
in' different seas and lakes, there would be great specific diversity ; just 
as we find in different groups of rocks in different countries : and hence 
the conclusion seems fair, that these rocks with their contents had an 
origin similar to the deposites now forming at the bottoin of existing bodies 
of water. 

Rem. 3. • In the existing waters we find that different ani > 
mals select for their habitat different kinds of bottom : thus, 
oysters prefer a muddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks. So it is among the fossil remains : an addi> 
tionaf evidence of the manner in which they have been brought 
into a petrified state. Phillips's Geology, p. 53. 

Prin. There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of 
course more uniform over its surface : and hence the range of 
particular species of animals and plants might then have been 
more extensive than at present ; and the number of botanical 
and zoological provinces less numerous ; and this inference is 
sustained by the facts of fossil geology. 

DescT. In a particular district we find but little change in 
the character of organic remains, as we ascend or descend in the 
series of rocks, until there occurs a change in the nature or 
mode of deposition of the rock. Then we find new species in- 
troduced, wid more or less of the old ones disappearing. Some- 
times the change of species is gradual and sometimes sudden, 
corresponding to the change in the rock. 

Prin. In comparing organic remains from different forma- 
tions, it should be recollected that they may belong^o the same 
class or order, or genus, and yet be widely different from one 
another : and that it is only when they are of the same specieSy 
that they are identical. 

Descr* If we compare together the remains of the cretaceous 
formation, the red sandstone formation, the carboniferous sys- 
tem, and the Silurian formation, in different parts of England, 
we shall find that those most remote from one* another in locali- 
ty, differ most widely : but almost without an exception, those 
in each formation are specifically distinct from all those in the 
other formations. Phillipi s Geology^ p, b\. 

Descr. If we compare the fossils of the tertiary and secon- 
dary classes of rocks, we shall find that they have scarcely any 
species common, so far as has been yet ascertained, either of 
animal or plant LyelFs Prin. GeoL Vol. 1. p* 205, 

8* 
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Dbsct, If we examine a formation tbrongh its whole extent, 
we shall rarely find that any species of organic remains is uni- 
versally difiused, unless the extent of the formation be quite 
limited. If we compare the same formation in different coun- 
tries, the specific resemblance between the organic contents will 
diminish nearly in the inverse ratio of the distance between 
them. Phillips^ s Treatise an Geology, from Ency,Britt p, 52. 

Exam. In £gypt the cretaceous rocks contain diflTerent fossils from 
the chalk of England : and the same is true of the chalky rocks on the 
southern faces of the Alps. More than a hundred species of organic 
reUcs have been described in the rocks of the United States, which are 
supposed to correspond with the chalk formation in Europe : yet only two 
or three species are identical. Morto7i's Sijnopsis of the Organic Remains 
of the Cretaceous Ghwip of the United States^ p. 83. Philadelphia^ 1834. 
PhilUps^s Geology J p. 156. 

JRem. In a few instances, particular species have a very wide diffusion in 
contemporaneous rocks. The Belemnites mucronaUus is found in nearly 
every cnalk deposit in Europe. The trilobite, Calymene Blv/mjenbachii, and 
the coral, Catenipora, are found at most localities of Silurian limestone in 
Europe and North America. 

Prin. Families and genera that were cotemporaries, appear 
to have had a very wide geographical diffusion, as they have 
among existing animals and plants: but for the most part, 
q>ecies occupied but a narrow geographical ai-ea. Philtipis 
Treatise on Geology, p. 53. 

Exam. Specifically unlike as are the organic contents of the cretaceous 
formations in Europe and North America, yet the same genera (ex. gr. 
ExOgyra, Gryphsea, Baculites, Belemnites, Scaphites, and Ammonites,) 
abound, and even between the species there is a close analogy. 

Prin. Judging from the distribution of living animals and 
plants, contemporaneous formations in widely separated portions 
of the globe may contain organic remains very much alike, or 
vexy much unlike. 

lUtcs. Comparing the marine animals on the coast of the United States 
with those on the shores of Europe, we find at least 24 species of shells com> 
mon to both, and no reason can be assigned why as close a resemblance 
might not have existed at earlier periods. Morton^ s Spn/)psiSj p. 83. On the 
other hand, how unlike are the animals and plants of New Holland and its 
coasts, to those of Europe or the United States. 

Prin. Rocks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Proof. The causes that have produced changes of organic fife may have 
operated sooner upon some parts of the globe than upon others, so that par- 
ticular animals and plants may have continued to be deposited in some spots 
longer than in others. 

Rem. Probably, however, such a diversity in different parts of the globe 
could not have continued very long, so that rocks with the same organic 
remains may be regarded as not differing greatly in age : and besides, 
as already stated, there is reason to suppose that in earlier times there was 
greater uniformity of climate and condibon cm the glolw than at presents 
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Irif, From all that has been advanced, it appears that an 
identity of organic remains is not alone sufficient to prove a 
complete chronological identity of rocks widely separated from 
each other : but it wiH show an approximate identity as to the 
period of their deposition ; and in regard to rocks in a limited 
district, it will show complete identity. 

Proof. Identity of organic remains proves only the existence of similar 
conditions as to climate, fiiod) &c. : but in remote regions of the globe these 
eomHcions may have existed |kt different periods, though not pro^bly separ- 
ated by long intervals; and therefore the identity is apl|>roximate : that is, 
deposits containing the same organic remains veere produced at eras not 
widely remote from each other. But in respect to limited regions of a conti- 
nent, much difference of climate could not have existed at the same time ; 
and therefore, an identity of organic remains proves the synchronkim of the 
deposits containing them. 

Prin, If the mineral character of two rocks agree, as well 
as their organic- contents, their synchronism will be shown to 
be more probable. But on the other hand, a want of agreement 
in the mineral characters, ought not to be regarded as proof 
that they were not contemporaneous. 

Proof. The mineral composition of rocks, forming in .^gions very re- 
mote, must have been subject to as great diversity as their organic contents. 
But if their mineral composition is the same, it increases the probability of 
their synchronal deposition. 

Prin. Still stronger evidence of synchronism is obtained 
when rocks agree in their superposition, as well as in the cha- 
racters above named. This character, indeed, when it can be 
applied, is very conclusive : but in remote regions it is applied 
with great difficulty. 

Rem. The identiiicatioh of strata in widely separated r^ons is one of 
the most difficult problems in geology ; and one wliere there is great room 
for the play of fancy. De Id Beche's Theoretical Geology. Chapters 11, 1% 
13. JjyeWs Elements of Geology ^ Chapter IX. Vol. 1. 

Tabular View of Organic Remains. 

Table. The following Tabular View of tKe Organic Remains in tha 
different formations, will show how the different families of animals and 
plants are distributed in the rocks. It is derived from the latest authorities, 
within my reach. But it will be seen by the references beneath the Table, 
that these authorities differ widely in their dates ; so that some of the 
numbers are far more in accordance with the present state of the science 
than others. Nevertheless, some important inferences may be deduced from 
such a Table: and therefore I give it, though confessedly imperfect. I 
have added the numbers of living species that have been describeu, so far as 
I have been able to obtain any estimates that approximated near enough to 
the truth to form a basis of reasoning. Of course, all the numbers of this 
Table must be regarded as tailing far below the actual numbers, both of 
living and extinct species. 
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a. Professor John Phillips's Treatise on Gkology, 1837. 

b. Adolphe Brongniart m 1829. 

c. Lyell s Elements and Principles of Geology, 1842. 

d. De la Beche's Manual of Geology, Third Edition, 1833, 

e. Agassiz. 

h. AL Bronsniart. Tableau des Terrains, 1829. 

1. Buckland^ Bridgewater Treatise, 1836. 

m. Mantell's Wonders of Geology, 1838. 

n. Mining Review, Dec. 1838. 

o. Pro£ Bronn's Lethsa GeognosUca, Stuttgart, 1838. 
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Inf. 1. From the preceding table we learn tliat all tlie 
important classes of animals ana plants are represented in the 
dinerent formations. 

Inf. 2. Hence we learn that the hypothesis of Lamarck is 
withont foundation, which supposes there has been a transmu' 
tation of species from > less to more perfect, since the beginning 
of organic life on the globe : that man, for instance, began his 
race as a monad, {t particle of matter endowed with yitality,) 
and was converted into several animals successively; the 
ourang-outang being his last ccmdition, before he became man. 
JjyeUs Prin. Geol, Vol. 3. Bock 3, where this subject is treated 
ably and fully. " The Sauroid fishes," says Dr. Buckland, 
(Bridgewater Treatise, Vol, 1. p, 294,) " occupy a higher i^aca 
in the scale of organization than the ordinary forms of bony 
fishes ; yet we find examples of Sauroids of the greatest magni* 
tude and in abundant numbers, in the carboniferous and 8econ«- 
dary formations, whilst they almost disappear and are replaced 
by less perfect forms in the tertiary strata, and preseirt only 
two genera among existing fishes. — In this, as in many other 
eases, a kind of retrograde development, from complex to 
simple fornur may be said to have taken place." 

inf. 3. We learn, however, that in- the earlier periods 
of the world, the less complex and less perfect tribes of animals 
and plants greatly predominated, and that the more perfect 
species became more and more numerous up to the creation of 
tne present races. 

Inf. 4. Vegetable life must have commenced on the globe 

nearly as early as animal life. 

Proof. Vegetable remains have not indeed been found among the 30 
or 30 species of organic relics discovered in the Cambrian group of 
rocks : but they occur in the Silurian group : and it would be prema- 
ture to infer their non-existence in the Cambrian group^ until further 
researches are made among fossiliferous clay slates: especially since the 
presumption is strong, that marine vegetables must have existed contempo* 
raneously with marine animals^ in order to furnish the latter with food. 
JBuckland^s BHdgewaier Treatise^ Vd. 1. p. 451. PhiUips^s Treatise on 
Geology^ Vol.l.p.l^. < 

Inf. 5. Dry land, capable of sustaining vegetation, must 

have existed soon after, the deposition of the fossiliferous rocks 

commenced. 

Proof \. Terrestrial vegetable remains occur in rocks of the gray- 
wacke period. 2. The detrital character of the rocks of that group 
makes the existence of dry land during its deposition almost certain; 
since rocks entirely beneath the waters are but dightly worn away by 
oceanic currents. 

Descr, The family of coniferous plants is found in the earli- 
est rocks, and at each successive change in the physicd condi- 
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tion of the gloi>6, the number of its genera and species increas- 
ed, until it forms among existing plants about one three hun- 
dredth part of the whole flora, or nearly 200 species. Palms 
also occur, though sparingly, in all the formations. 

Deser. The 300 species of fossil plants found in and beneath 
^e carboniferous strata, are two thirds tree ferns and eigantic 
Equisetaceae. Ten Coniferse, and plants intermediate between 
these and Lycopodiacese, viz. Lepidodendra, Sigillaria, and 
StigmarisB, together with 10 Monocotyledonous plants, form the 
remainder. mantelPs Wonders of Geology ^ Vol, 2. p. 568. 

Descr. Of the 100 species found between the carboniferous 
strata and the tertiary groups, one third are ferns; and most 
of the remainder are (Jycadese, Coniferse, and LiHacese. More 
of the first named family have already been found fossil, than 
exist at present on the globe. They form more than one third 
of the entire fossil flora of the secondary formations ,** but less 
than the 2000th part of the existing flora. 

Deser. The plants of the tertiary strata approximate closely 
to the existing flora. 

Deser. Below the new red sandstone vascular cryptogamise, 
or flowerless plants, ereatly predominate, while dicotyleaondus 
plants are rare. In me secondary strata above the coal, there 
IS an approach to equality between these two classes : in the 
tertiary strata the latter predominate ; and in the existing flora, 
two thirds are of this class. Bucklan^s Bridgevfoter Treatise^ 
Vol 1. p. 520. 

7. Periods in which different plants and animals began to ap" 
pear on the Qlohe^ and in which some of then became extinct, 

Prin, In general, plants and •animals began 'to exist first on 
the globe during the period when the lowest rock in which 
their remains are found, was deposited. 

Proof. 1. Those animals and plants are excepted that are 
too frail to be preserved in the rocks : but in respect to all 
others, no reason can be assigned why their remains should not 
be found along with those of other organic beings existing at 
the same period. Particular species, from being less numerous, 
or being less likely to get enveloped in deposits formed by water 
(as birds for instance,) may be rarely found in the rocks : aiid 
therefore, we should not be hasty to infer that a species did not 
exist, because we have not discovered its remains. But if a 
formation has been pretty extensively examined, the presump- 
tion is strong that few now species will be found in it 
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2. CompaTative anatomy here comes in to. out aid. For it 
is found that certain types of organic existence characterize 
particular geoloeical periods : and having ascertained Ae type 
fcfs any particular period, we may infer with great certainty 
that an animal or plant of a very different type will not be found 
among the organic remains of that formation. Thus, we find 
in general the fossils of the carboniferous group to have been 
adapted to a climate of a tropical character : and to expect to 
find in that group, animals or plants adapted to a temperate 
cHmate, would be unreasonable ; because the two tribes could 
not have existed in the same climate. 

Descr, The following is the order in which some of the 
most important animals and plants have first appeared on the 

flobe : in other words, the epoch of their creation. It may in- 
eed, be hereafter found, when the rocks have been more exten- 
sively examined, that some appeared earlier. 



Silurian and Cambrian, or 
Grajwacke Period. - -< 



' Zoophytes^ 
Marine SkeUs, 
Crustcuxa-i (Trilobite*.) 

Pishes — Placoidians and Ganoidians, (S^uroids 
and Sharks,) alao those with heterocercal 
tails. 
Flowerless Plants, ) Marine. 
^PUnDering PUmts, 5 Terrestrial. 



Carboniferous Period, 



' Fishes ': (Cephalaspis, &C.) 

Ar€u:hnidans : Scorpions. 

Coleopterous IfUects. 

Fresh Waier SkeUs. 

Dicoi/yledonotts Plants — Cobifere j (Pines, Ac.) 

Cycades. 
^M&nocotyled^onous Plants^ PalinsB Seitamino. 



R«d Sandstone Period. 



f Tracks of Birds, Tortoises, and Chirotherm 
or gigantic Batrachians. 
Reptiles : Monitor, Phytosaurus, Ichthyosaurus, 
•{ Plesiosaurus, Mastodoiisaurus, {^XjolnfrifUMr 
don) Thecodontosaurus, PalSBosauras. 
Crustacea: Palinurus. 
Fishes : Palaeoniscus, &c. 
Dicotyledowms PUmts, Voltzia, &e. 
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Oolkie Period. 



CieUceous Period. «< 



' MananaUa : ^IfanupuJs) Tbylaeotlieriiim, and 
Phascolathenum, TDidelphys of Buckland.) 

Reptiles: Saurocepnalus, Saurodon, Teieosaurus, 

StreptoepondylDs, Megalosaurus, Laceita neptunia, 

^Icidon, . Rhacheoaanros, Pieuroeaiinui, Cboeaurus, 

Macro8poiidyI«8, Pterodaclyltts, Crocodile, Gavial, 

Tortoise. 

Fishes: Pycnodontes and Lejttdoides. (Dapedium, 
dec.) wHk homoeercal tails. 

Arachnidans: Spiders. 

Insects : libellule, Coleoptera. 

Crustacea : Pagonis, Lryen, Scyllaros, Palcmon, 

Astacus. 

Plants : Cycaden, (Pterophyllum; Zamia,) Conifers, 
(Thoytes, Taxites,) IMbl, (Bucklandia.) 

' Birds : Grallae, (Tilgate Forest.) 
Reptiles : I^anodon, Leptoryncbus, Trionyz, Emys, 
Wealden Period. < Chelonia. 

I Fishes: Lepidotus, Pycnodos, dec. Fredi water and 

1^ Estuary sKells. 

Insects, 

Reptiles: Mososaurus, du;. 
Fishes: Ctenoidians and Cycloidians. 
Crustacea : Arcania, Etyiea, Coryster. 
^ Plants : Confervs, Naiades. 

' Mammalia : 1. Eocene Period^ 50 species : — Pal»- 
otherium, Anoplotherium, Lophiodon, Anthraco- 
tberium, Chflroptamus (allied to the boe), Adaps 

i resembling tbe hedgehov,) Camivora : Bat, Canis 
Wolf and Pox) Ooatis, Racoon, Genette, Dor- 
mouse, Squirrel. Rcplilcs: Serpents. 
Birds : Buzzard, Owl, Gluail, Woodcock, Sea Lark, 

Curlew, Pelican, Albatros, Vulture. 
Reptiles: 'Fresh Water Tortoises. 
Fishes : seven extinct species of extinct genera. 

2. Miocene Period: Ajie, Dinotherium, Tapir, Cbalt- 
cotherium, Rhinoceros, Tetracaulodon, Hippothe- 
rium, Sus, Fetis, Machairodus, Gulo, Agnotherium, 
Mastodon, Hippopotamus, Horse. 

3. Plioce7ve Period: Elephant, Ox, Deer, Dolphin, 
Seal, Walrus; Laraantin, Megalonyx, Meoathe- 
rium, Glyptodon, Ilyajna, Ursus, Weasel, Hare, 
Rabbit, Water Rat, Mouse, Ehisyurus, Haimaturus, 
Kangaroo, and Kangaroo Rat. 

Birds : Pigeon, Raven, Lark, Duck, &c. 

FHshcs: (in the formation generally) more than lOO 
species now extinct which belong to more than 40 
extinct and as many living genera. 

Insects: 162 genera of Diptera, Hemiptera, Cole- 
optera, Aptera, Hymenoptera, Neuroptera, and 
Orthoptera.* 



Teitiaiy Period. -< 



* Broiui*s Xtethea GeofDOBtica, p. 611. 
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rertiniy Period. < 



AUuTial Period. 



i 



iSkeUs: In theKewer PHoeene Pmod,dO to 95 per 
cent, of living species; 35 to 50 per cent, in the older 
Pliocene: 17 per cent, in the Miocene ; and 3.5 in 
the Eocene; amounting in all, extinct and recent, 
to 4000 species. 

PlaiUi: Poplars, Willows, Elms, Chesmits, Syca- 
mores, and nearly 200 other species: seven- 
eighths of which are monoootyledonous or diootyle* 
donens. 

Man^ and modt of the other species of existing ani- 
mals and plants. 



. . Humcun Remains* 

Prin. The remains of men have not been found in any de- 
posit older than alluvian, except in a few cases where they nave 
probably been introduced into drift subsequent to its deposition. 
jLyelts Prin. GeoL Vol. I. p. 249, 282; and Vol. 3. p. 204, 
236,298. 



were 



Proof. In the earlier periods of geology, the fossil bones of other animals 
sre often mistaken for those of man. Thus the Homo dituvii testis of 



Scheiichter, was ascertained by Cuvier to be nothing but a great salsunander. 
At the present day, no practised geologist maintains that human remains have 
been found below diift;. although some writers on geology still defend that 
opinion. See PetvrCs Comparative Estimate of the Mosaical and Mineral 
OeologieSj Vol. 2. p. 124. Fairholme's Geology of Scripture^ p. 219. Com- 
stodCs Geology, p. 263. But some geologists on the continent of Europe are 
ofopmion that the bones of man are found so mixed with those of extinct 
qaadrupeds, as in certain caverns in France, and the province of Liege, that 
all must have been deposited at the same time ; that is, during the deposition 
of the most recent tertiary strata. Others suppose that thes# human remains 
must have been introduced subsequently. Buckland^s Bridgetoater jyeaUse, 
Vol. 1. p. 103. Upon the wiiole, no evidence has yet been afforded by 
geolo^, that man existed on the earth earlier than during the alluvial or 
nistonc period. Dr. Smith's Scripture and Gedogy^ p. 396. Second Edition^ 
London, 1840. 

ObjectUnu Some writers contend that when Asiatic countries have been 
examined more thoroughly, the remains of man may be found in all the 
fossiliferous rocks: and that they do not thus occur in Europe and America, 
because he had not spread into these parts of the world till a long time after 
his creation. But on this subject it may be observed, 1. That so far as the 
countries of Asia have been ffeologicially examined, their organic relics cor- 
respond, as to distribution ana general character, with those of Europe and 
America; and hence the presumption is, that in all that quarter of the globe, 
the mammiferous animals will not be found much below the tertiary strata. 
S. Comparative anatomy strengthei^s this presumptioni by showing con- 
clusively, that most of such animals as now inhabit the globe, could not have 
lived when the same physical conditions existed that were necessary for tho 
creatures found in the lower rocks. 

Rem. The remarkable specimens of human skeletons found imbed- 
cd in solid limestone rock on the shores of Guadaloupe, deserve atten- 
^■r.^ connecUon. A. ^t^Wew the, n.y ^ genuine ^ 
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pies of man in » fimil state. Bat thef belong to the allavial formatbn, 
and probably were boned there only a iew hundred years ago. For the 
same rock contains shells of existing species^ as well as arrows and 
hatchets of stone, and pottery. It is Mid that a battle took j^ace on this 
spot about the year 1710, between the Garibs and GraUibis. — One of 
these specimens is in the British Museum in London, the other in 
the Gaitlen of Plants in Paris. BucJdaiuPs Bridgewaier Treatise^ Vol. 1. 
«. 104. Cufcier't J%any of the Earthy by Jameson and MUchell, p. S^, 
N. Yorkj 1818. Cuviers Discourse on the BevoktHons of the Surface of the 
(Hgbe : PkOadO^ia, 1831. p. 89.« 

8. Vertical Range of Animals and Plants in the Strata, 

Descr. Not only did different species, genera, and fafaiilies 
of ftniTnAla commence their existence at very different epochs in 
the earth's history, but some of them soon became extinct* 
others continued longer, and some even to the preseiit time. 

Descr. Species rarely extend from one formation into an- 
other ; but genera frequently continue through several forma- 
tions ] and a few, even through the whole series of strata : and 
are still found among living animals and plants. Orders are 
still more extensive in their vertical range ; and all the great 
classes, as has been shown, extend through the whole series. 
Very many genera, however, and some orders, are limited to a 
single formation. Others, after disappearing through one or 
more formations, at length re-appear. 

lUus. The following tables will give an idea of the vertical distribo- 
tion of several orders and genera. JPkSHp^s Treatise on Cfeeiogyf Vol, 1. jp. 
76. etseq, 

'Bee note D. 
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The following table exhibits the distribation of eeYenJ orderi' of 
Zoophyta; their presence being indicated bj stars, and their absence by 
blanks. 
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Saliferous. 
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SOunan. 
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Lower Systems. 
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Rem, I have placed Stelieridans in the saliferous system on the authority 
of Dr. Buckland, {Brideewaler Treatise. Vol. I. p. 416,) and in the Silu- 
, rian system on the authority of Prof. Troost, in his Fifth Report on the 
CMogy of Tennessee^ p. 12, 1840. 

The following senera of shells, very abundant at present on the |[lobe, 
have a very limited range downwards. 
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IiLCarbonifecous do. 


In Gray wacke do. 



The following genera are yery unequal in their vertical range. One of 
them, the terebratula, extends through . the whole series of formations and 
utill lives. 
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Oat of the multitude of Cephalopoda, or chambered shells, that awaxmed 
in the aocieat seas, only two species have continued to the present time ; as 
may be seen by the following table of their vertical range. 
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PaUMntologicai Chart. 

In order to bring under the eye a sketch of the vertical range of the dif* 
ferent tribes of anmials and plants, that have appeared on the globe from the 
earliest times, the chart which faces the title page, has been constructed. 
The whole surface is divided into seven strips, to represent Geological 
periods : viz. the lowest, the graywacke period : the next, the carboniferous 
period: the next, the saliferous period: the next, the oolitic period: the 
next, the cretaceous period : the next, the tertiary period : and the highest, 
the historic period, or that now passing. The animals and plants are re- 
presented by two trees, having a basis or roots of primary rocks, and rising 
and expanding through the different periods, and showing the commence- 
ment, oevelopement, ramification, and in some cases the extinction, of the 
most important tribes. The comparative abundance or paucity of the dif- 
ferent families, is shown by the greater or less space occupied by them upon 
the chart ; although there can of course be no ffreat exactness in such repre- 
sentations. The numerous short branches^ exhibited along the sides of the 
different families, ate meant to designate the species, which almost uni- 
versally become all extinct at the conclusion of each period. Hence the 
branches are contracted in passing from one period into another, and then 
ai^ain expand, to show that the type of the genera and orders alone survive. 
Where a tribe, after having been developed during one period, disappears 
entirely during the next or several succeeding periods, but at length reap- 
pears ; a mere line is drawn across the space where it is wanting. 

9* 
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While this chart shows that all the great classes of animals and plants 
existed firoxu the earliest times, it will also show the gradual expansion and 
increase of the more perfect groups. The vertebral animals, for instance, 
commence with a few fishes; w-hose number increases upward: but no 
traces of other animals of this class appear, till we rise to the saliferous 
group, when we meet with the tracks of chirotheria, tortoises, and birds. 
But not till we reach the oolitic period, do we meet with the bones of the 
mammalia: and then only two species of marsupialia. No more of this 
class appear till we reaoh the tertiary strata, where they are developed in 
great numfaeiB, appro^hing nearer and nearer to the present races on the 
globe as we ascend, until, in the historic pjeriod, the exbting races, ten 
times more numerous, complete the series with man at their head, as the 
CROWN of the whole ; or as the poet expresses it, " the diapason closes full 



in man/' 



In like manner if we look at that part Df the chart which shows the de- 
velopement of the vegetable world, we shall see that in the lowest rocks, the 
flowering plants are very few, and consist mostly of conifers and cycades : 
links as it were, between the flowering and the nowerless plants. It is not 
till we ascend to the tertiary period, that the willows, elms, sycamores, and 
other species that form the forests of the temperate zone, appear. But lower 
down in the series, a few monocotyledonous plants are seen, such as lilies 
and palms ; which, however, do not seem to have been greatly multiplied 
till we reach the tertiary period. Still more fully developed do we find them 
in the historic period ; where 1000 species of palms, — the crown of the 
vegetable world, have been found. 

To refer to another example of a somewhat difierent character : take the 
saurian animals, which began to appear during the saliferous period. In the 
next period above, or the oolitic, their developement is very great ; so that 
they seem to have been the rulers of the animal creation. But above this 
period, they gradually decrease, until among existing animals all their re- 
presentatives, except the crocodile and the alligator, are on a most diminu- 
tive scale. 

A similar example amon^ plants exists in- the lycopodiaces ; which 
during the carboniferous period, formed trees from 40 to 60 feet high. But 
above that period, they rarely appear ; and their only remaining represen- 
tatives on earth at the present time, are obscure plants a few inches in 
height. ' 

Much more information of this sort may be obtained by a few momenti 
inspection of this chart ; which will prevent the necessity of details. As 
this however is the first effort that has been made to give such a representa- 
tion of the leading facts in paleontology, I shall expect that defects and Im- 
perfections will be discovered in it.'^. 

9. Comparison of Fossil and Living Species. 

■r 

Prin. It is a moderate estimate to reckon the species of 
organic remains hitherto described in the rocks below the tex^ 
tiary strata, at 5000. Yet scarcely none of this number have 



* since the above was in type, (in the fimt edition,) I have received the iMhaa Gtog- 
nostiea of Professor Bronn, published at Stuttgart in 1837 and 1838, where I find a chart 
coosirucicd on esaentially the same principles. The wonder with me is, not that f have 
been anticipated, but that so simple a plan tu exhibit the leadtDg fSeicts of paleontology, 
lias not been employed by writers in the English laagiuve; 
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tliiis far been identified with any now living on the ^^obe. In 
many cases they differ even generically. 

Rem, The above estimate would make the whole nnmber of fiMiQ ipeeies 
9000. Thk ii considerably beh>w the estiinatee of Koferifein, a Gennan 
writer, in 1834. He giyet the following numbera, in hie Die NaUurgackUkt 
des Erdkopers in ihren ersten gmndzugen dengegteUi, 2 Bde Qvo, VoL 2, See 
Quarterly Review for April, 1836, f, §0, 



Birds, flO 

Reptiles, 104 

Fishes, 386 

Insects, 947 
Spiders, Gmstacea, Xyphosiira, 

£lntoiBostra6ea, Isopoda, Myiiraodai 811 

MoUusca, e056 

Annelides, Sl4 

Radiata, 411 

PolyiMna, 907 

y^etables, 803 

Total, 96Q0 



Prin. The deeper we descend into the earth, that is, the 
older the rock, the more unlike in general are its organic re- 
mains to existing species. As we ascend, we find a nearer 
and nearer approximation to existing species in each successive 
formation. 

Descr, In 1833, the number of shells in the tertiary strata, 
that had been discovered and described by M. Deshayes in 
Europe, amounted to 3036 : Of these, 568 were identical with 
species found in our present seas. They were distributed how- 
ever, very unequally through the different groups of these 
strata, as follows. 

In the Eocene or oldest 

Group, 1238 species: Living analogues, 42 

In the Miocene, 1021 do do 176 

In the Pliocene, 777 do do 350 

Lyeirs Elem. GeoL Vol. 1. p. 281. 

Prin. The organic remains in the northern parts of the 
globe, correspond more nearly to existing tropical plants and 
* ' than to those now living in the same KHtudes. 
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Proof, It is well know tliat the Fauna and Flora of tropical 
regions are so different from those in higher latitudes as to 
strike every observer. Now any one who is acqi^ainted with 
these pecuhar features of tropical organic life, even as they are 
exhibited in books, will be struck with their resemblance to the 
organic remains in the fossiUferous strata. The following 
examples may serve for illustration : beginning with the highest 
of the strata, viz. diluvium. 1. Along the shores of the Arctic 
Ocean in the banks of the ereat rivers, such as the Oby, the 
Yenesi, and the Lena, are found immense quantities of the 
bones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani- 
mals were covered with hair, proves that the climate where 
they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The bones of extinct species of 
elephant rhinoceros, hippopotamus, lion, tiger, hysena, &c. — 
eenera confined almost exclusively within the tropics at this 
day, are found scattered through the diluvium of almost every 
part of Europe. 3. When shells are found in the tertiary 
strata in northern countries, identical with those in existing 
Seas, their analogues are almost universally found in tropicca 
seas : and when the same species occurs in the Mediterranean, 
for instance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The great size, both of the animals and 
plants found in the secondary strata^ compared with that of 
living organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in fact, as exists in tropical countries. 5. The great 
number of chambered shells, such as ammonite, orthocera, &c. 
found in the secondary rocks, confirms this proposition, since 
the few representatives of these shells still found alive, occur in 
warm latitudes. 6. But perhaps the most striking evidence of 
a warm^ climate, during the deposition of the secondary rocks, 
exists in the fossil flora of the coal formation. This is filled 
with gigantic plants of genera mostly found within the tropics, 
such as equiseta, lycopodiacese, tree ferns, pahns, &c. : and a 
person who is familiar with these remains, is struck, on going 
to a tropical country, with their resemblance to the vegetation 
around him^ as he is with their want of resemblance to th« 
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llojra of high latitudes. These tropical plants have been found' 
in the rocks .around Baffin's Bay, and even as far north as Mel- 
ville Island, in 75® north latitude. 7. Numerous organie re- 
mains in the secondary rocks even in the oldest fossiliferous 
strata, appear to have once constituted coral reefli, such as are 
now found only in tropical seas. Such relics as these,- also, 
have been found in the rocks of Melville Island. 

ReTk. 1. Agassiz, Lyell, and Smith of Jordan Hill, seem to have proved 
that the dimate of northera regions, immediately preceding the alliivial 
period, was lower than it is at present : and it is the opinion of Agassis, that 
a similar fall of temperature took place near the close of each great geokgical 
period. But admitting all this to be true, it cannot affect the preceoing argtk- 
ments concerning the general temperature dnrmg those periods, except as tp 
the glaeio^queous, which is of little conseqiienoe in this respect. Bdvnburgk 
New Phiiasopkical Journal^ AprU^ 1838. Dr. BuMmtPs Anmwratuy Ad- 
dress before ike Ldmdon Cfeohgicai Society in 1841. An. and Mag. of ^at. 
History for Febr-uury^^ 1841. 

Rem. 2l Those devoted to fossil botany say that the land plants found in 
the older strata, correspond more nearly with those now growing upon the 
low islands of the Pacific Ocean, between the trofscs : and hence they infer 
that when these flourished, the land was but little elevated above the waters; 
and that the climate was constantly very warm and moist. Amer. Jour. Set, 
ra. 34. 1^.324. 

Prin, It is probable that durine the deposition of the older 
fossiliferous rocks, the climate was ultra-tropcal; that is, warmer 
than at present exists on the globe. 

Proof. Tropical species of equiseta, lycopodiacese, tree ferns, 
&c. are much larger tnan those found growing without the tro- 
pics. But those found fossil are much larger than any now 
living. Equiseta, for instance, in the ancient world, were some* 
times 10 feet high; tree ferns, from 40 to 50 feet, and arbore- 
scent lycopodiaceee, 60 or 70 feet high. . Recent equiseta are 
rarely more than half an inch in diameter ; whereas the fossH 
calamites, a very similar plant, is sometimes 7 and even 14 
inches in diameter, and no living lycopodiaceee are more than 
3 feet high. This extraordinary developement, which is {bund 
also in otiier species of plants and animals, can be explained . 
only by a hisher temperature: though Adolphe Broneniart 
suegests that in those early times, when perhaps no land ani- 
nuus existed, the atmosphere might have been more highly 
charged with carbonic acid than at present> HisUnre des veger 
taux fossiles, par M. Adolphe Brongnie^t : 2d Livraison. p. 
113. Buckland! sBridgewaier Treatise, Vol. I. p. A50. PhUlip^t 
Edinburgh Treatise on, Geology^ p. 118. 

Prin. The temperature, of the climate seems to have gradu- 
ally sunk during the successive deposition of the diffemit 
groups of fossiliferous rocks. 
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Fig. 39. 



Daer. Euiopa at the present time does not cootain mon 
ihaxi 30 or 40 species of terns, and these of diminative size ; 
vbenas mofe taan 200 species have been found in the coal 
formation of the same quarter of the globe. Adolpke Brongnittrt 
■ tN jlMsriean Jottntai ofScitnce, Vol. 34. p. 319. 

Lycepodiaeea, or Club Messet. 

Deser. The Lyeopodiacea are a tribe of plants interme- 
diate between ferns and coniierte on the one hand, and fenui 
and mosMS on the othei. lAtidUifs Na4wai System of Botany, 
p. 313. 

LepidodtHdi-on. This fossil plant approninistes in its chat- 
soUr to the tyeopodiaeev : or rather, it seems to be interme- 
diatA between the dub moia tribe, and the conifers or pins 
tribe. It is abundant in the coal formation, where it is som»- 
timei found from 20 to 45 feet long; and M. Ad. Brongniart 
has deaeribed 34 ipecies. The genns is wholly extinct. Fig. 
40^ wiU eoarey mb« idea of tiuM pluti. 



Fig. 40. 
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Rem. Tbe Iqndodoidni fill up a 
chum in the eiutiDS KTita of pUnU, 
between fiawering and AowetltmiiMiiU, 
better Ihui an; living genui. Simllu 
blanks in Ibe Biisting orguiinUJaii an 
filled by othei extinct genera of o^nia 
remains. UmOai and Buibm't FbaU 
Fin-a, Vol.2, p. Si. 



EqUfiielaee^' 

Descr. Living planta of thii 
tribe are called horsetails, eat- 
tails, scouring ruihes, Slc. aud 
altboueh of frequent occnirence 
in all climates (the most freqneiit 
ill the temperate zones) they are 
of diminutive size, even in the 
toTTid zone, compared to those 
found fossil. The latter are di- 
vided into two genera, Eqtdsetum 
and Calamites: the former cor- 
responding very nearly to living 
equiseta, but the latter differing 
a good deal in structure and size; 
being much larger than the eqni- 
seta. Fig. 41, is a calamites destt* 
tute of leaves. 

Fig. 41. 




Planit i» the Older Strata not yet rtferred to any living 
Classei imth eertaittiy, 

SigUiaria. 

DescT. The SigUiaria are large trunks, from half a foot tff 

tbiee feet in diameter, and from 50 to 60 teet long, covered 
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Q feet long, covered with tabercfes, to 
jcliud cylindrical Bnccalent Imtco. It wu mo- 
c plant, which floated in the water, or trailed is 
hought to have been dicotylodonoiUL 

Fig. 44. 
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IIQ llalLLAXtA. 

nsnany with flntioga and scan. Brongniart enomenitoB 42 
■pacies; and reguda them aa cIobsIv allied to uborsecent ferns: 
but Lindlaj and Hutton offer good Teasona fot aupposiiu: them 
dieotyledoaoQS plants, difiecent from any now on the globe, yet 
appToaohing the Euphorbite and Cactsa. Fig. 42, tepresent* 
the flatinga aitd acais of one of these {danta. 
Fig. 42. 



DeicT. Several other extinct genera, with sean aimilar to 

thoae on the SigiUaris, that ia, arranged in vertical iowb, occnr 

in the sama locks, and are probably Conifene. Fig. 43, showa 

• portion of one called Ulodendron. 

Fig. 43. 
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Descr. Anotbar very extraorcUuary fossil plant of the co&l 
formation, is called Sligmaria. It consists (Fig. 44,) of a doma 
shaped centre, three or four feet in dieunoter, from which pro- 
ceeded hranchea 20 or 30 feet long, covered iiith tubercles, to 
which were attached cylindrical succulent leaves. It wa* Pio- 
bahly an aquatic plant, which floated in the water, or tniled in 
awamps. It is thought to hare been dicotyledonoos. 

Fig. 44. 
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Deser. Another retnarkable and beantiful tribe of planta, 
not unfrequent in the coal formation, has whorled leaves lika 
the flower of the Aster: hence one genus is called Asteio- 
phyllites. Pig. 45, shows one of these from the coal mine in 
Mansfield, Massachnsetta. 
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bat generally they appear to have been transported, and to have 
assumed an upright position by the greater specific gravity of 
the roots. Fig. 46^ shows the stumps of an ancient forest of 
coniferse, with the roots imbedded in the black vegetable mould 
in which they grew ; the whole being now converted into stone. 
The section was taken in the Isle of Portland, £ng. 






Caleareoufl 
Stone. 




Burhttone. 



BtooCf 



irrAtt-^ „ 






StAtemmean Fbreet : Isle of Portland. 



Descr, The Cycadeee are a remarkable family of plants, 
occupying an intermediate place between palms, ferns, and 
coniiersB ; fiUing up an important link between dictyledonous, 
laonocotyledono^s, and acotyledonous vegetation. Only two 

fmera and 22 species are known as now living upon the globe, 
ut during the deposition of the rocks above the coal, they 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 29. species are 
€Teade», referable to 4 genera. They have lately been found 
^Iso in the coal formation. The living species mostly grow ia 
tropical climates. Fig. 47, represents a living species of these 
plants. 

Prin. It is probable that dicotyledonous plants, as well as 
the frailer kinds of flowerless ones, such as fungi, and mosses, 
may have been more abundant in the earlier periods of geologi- 
cal history, than the specimens of these plants found fossu would 
leiad us to iii&r. 

10* 
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While this chart shows that all the great classes of animals and planti 
existed from the earliest times, it will also show the gradoal ezpansioQ and 
increase of the more perfect groups. The vertebral animals, for instance, 
commence with a few fishes; whose number increases upward: but no 
traces of other animals of this class appear, till we rise to the saliferous 

S'oup, when we meet with the tracks of chirotheria, tortoises, and l^s. 
ut not till we reach the oolitic period, do we meet with the bones of the 
manunalia: and then only two s^ies of marsuj^ia. No more of t^s 
class appear till we reaoh the tertiary strata, where they are developed in 
great numbers, approaching nearer and nearer to the present races on the 
^obe as we ascend, antO, in the historic period, the existing races, ten 
times more numerous, complete the series with man at their bead, as the 
CBOWN of the whole ; or as the poet expresses it, " the diapason closes full 



in man." 



In like manner if we look at that part t>f the chart which shows the de^ 
▼elopement of the vegetable world, we shall see that in the lowest rocks, the 
flowering {dants are very few, and consist mostly of conifers and cycwiem : 
links as it were, between the flowering and the flowerless plants. It is not 
till we ascend to the tertiary period, that the willows, elms, sycamores, and 
other species that ferm the forests of the temperate zone, appear. But lower 
down in the series, a few monocotyledonous plants are seen, such as lilies 
and palms; which, however, do not seem to have been greatly multiplied 
till we Teach the tertiary period. Still more fully developed do we find them 
in the historic period ; where lOQO species of palms, — the crown of the 
vegetable world, have been found. 

To refer to another example of a somewhat difierent character : take the 
saurian animals, which began to appear during the saliferous period. In the 
next period above, or the oolitic, their developement is very great ; so that 
they seem to have been the rulers of the animal creation. But above this 
period, they gradually decrease, until among existing animals all their re- 
presentatives, except the crocodile and the alligator, are on a most diminu- 
tive scale. 

A similar example among plants exists in- the lycopodiaces ; which 
during the carboniferous period, formed trees fi-om 40 to 60 feet high. But 
above that period, they rarely appear ; and their only remaining represen- 
tatives on earth at the present time, are obscure plants a few inches in 
height. 

Much more information of this sort may be obtained by a few moments 
Inspection of this chart ; which will prevent the necessity of details. As 
this however is the first efibrt that has been made to give such a representa- 
tion of the leading fects in paleontology, I shall expect that defects and im- 
perfections will be discovered in it.* 

9. Comparison of Fossil and Living Species, 

Prin. It is a moderate estimate to reckon the species of 
organic remains hitherto described in the rocks below the ter> 
tiary strata, at 5000. Yet scarcely none of this number have 

^*^^^^-~^ ^^^-~~~~^-"^^^^— - — ■ ' -- — - - i- - - -I- - — ' — *" — ~ — -^-^^ -^^»* 

* Sinee the above was in type, (in tli« fimt edition,) I liave received the Ltthasa Cfeog^ 
nogtiea of ProfiwBor Bronn. published at Stuttgart in 1837 and 1838, where I find a chart 
enasiruciod on CNcntially the same principles. The wonder with me is, not that I have 
been anticipated, but that bo ■imple a plan to exhibit the lesdlos flicts of Dalflontologjr, 
aas nM I0sca employed by writen in the £ngUtb laBgiMfSk ^^ 



COMPARISON OF TOBSth AND LIYINO AJOMALa, lOS 

tima far been identified with any now living on tlie g^obe. In 
many cases they differ even generically. 

Rem. The above esUmate would make the whole number of fbaril ■pecies 
9000. This is conaiderably beh>w the estimates of Kofeivfeoi, a Qennaa 
writer, in 1834. He gives the fi>Uowing numbers, in his Die Natnurgekhkht 
des Erdkopers in ihren ersten grwndzugen dengettelU, 3 Bde Bvo. VoL & See 
Qiuuierly Review for April, 1836, p. S). 



Mammalia, 930 

Birds, SO 

ReptUes, 104 

Fishes, 386 

Insects, d47 
Spiders, Cmstaces, Xyphosnra, 

fSitomostracea, Isopoda, Myriopoda, Sll 

MoUuBca, 6066 

AnneUdes, 914 

Radiata, 411 

Polypina, 007 

Vegetables, 80S 

Total, 



Prin. The deeper we descend into the earthy that is, the 
older the rock, the more unlike in general are its organic re- 
mains to existing species. As we ascend, we find a nearer 
and nearer approximation to existing species in each successive 
formation. 

Descr. In 1833, the number of shells in the tertiary strata, 
that had been discovered and described by M. Deshayes in 
Europe, amounted to 3036 : Of these, 568 were identical with 
species found in our present seas. They were distributed how- 
ever, very unequally through the different groups of these 
strata, as follows. 

In the Eocene or oldest 

Group, 1238 species: Living analogues, 42 

In the Miocene, 1021 do do 176 

In the Pliocene, 777 do do 350 

LyelVs Elem. Geol. Vol 1. p. 281. 

Prin. The organie remains in the northern parts of the 
globe, correspond more nearly to existing tropical plants and 
f^i m ylg ^ than to those now living in the same Ini^itums. 



CYPADE& 

Fig. ir. 



Proof. M<Mt ot^tuiie nioains mnat have been ptMerred ir 
water, or at least in wet sand, oi mud. Now Piof lindley, 
haTing immersed in a tank of fresh water 177 species of living 
plants for more tLan two years, arrives at the following coo- 
elusions. 

" I. That the leaves and batk of most dieotyledonons plant* 
•re wholly decompoied in two years, and that of those which 
do resist it, the greater part Conifera and Cycada." 

" 2. That Monoctotytedons are more capable of resisting th« 
action of water, particularly Palms snd Scitamineous plants ; 
but that grasses and sedges perish." 

" 3. That Fungi, Mosses, and ail the lowest fonna of vegeta- 
tion disappear." 

" 4. That ferns hava a great power of lesisting water if ia 
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a green state, not one of those submitted to the experiment hav- 
ing disappeared ; but that their fructification perished/' Buck* 
lan(Vs Bridgewater Treatise, Vol. 1. p. 480. 

Rem, 1 . It is interesting to observe that by this experiment those plants 
were most emluring in water, which we find most abundant in a fossil state. 
Yet some circamstances prevent us from inferring with certainty that all the 
more fnul and the dicotyledonous species perished in the process of p^triftc- 
tion. If a corr^pondins experiment had been made with these plants in 
wet mud, or sand, another in salt water, or salt mud, these results might 
have been sbmewhat modified, and probably in nearly every case where 
plants are carried to the bottom of^ water, they are covered by mud in a 
shorter time than two years ; and most of those preserved in the rocks were 
fossilized beneath salt water. Other substances, as iron, or lime, in solution 
in the water, might essentially modify the experiment. After all, however, 
the experiment does show us that we must not place too much dependence 
on the relative numbers of different classes of fossil plants, as hitherto dis- 
covered. 

ReTJU 2. Other peculiar and interesting^ plants occur in a fossil state ; as 
the pandanee, palms, &c., but the limits of this treatise do not permit their 
introduction. 

Rem. 3. The great size of many fossil plants and the vast 
accumulations of carbonaceous matter in the coal formation 
render it probable that the vegetation of the early periods of 
the globe was far more abundant than at the present day. Yet 
as the trees were mostly without flowers, and unenlivened by 
the presence and voices of any vertebral animals, the landscape 
must have presented a very uniform and sombre though im- 
posing aspect : better adapted to a state of preparation for the 
higher oraers of animals, than for their actual existence : better 
adapted to prepare fuel for man, than for his happy dwelling. 

Rem. 4. A recent discovery has enabled geologists to ascertain with 
greater certainty and ease than before, the nature of fossil plants. The di^ 
ferent fitmllics of livins plants are distinguished not merely by external 
characters, which mostly disappear when petrified, but by a corresponding 
anatomical structure ; chiefi^ by the form of the minute vessels, of which 
they are composed. Now it is found that these vessels retain their form 
when petrifiea. Hence by cutting a fragment of fossil wood veiv thin, and 
polishing it, a microscope will show these vessels, and thus ehaole the en- 

2 voter to determine the nature of the plant. For this discovery we are in- 
ebted to Mr. Witham, who has given directions for preparing fossil wood 
for such an examination. Witkairi's Observations on Fossil Vcgetajtiles^ (f»c. 
JSdifUmrghf 1831, Quarto. 

ANIMALS. 
1. RADIATED ANItf AL8. 

Descr. This extensive class of animals are the most simple 
of any in their organization, and the most removed from com- 
mon observation in general They are distinguished by their 
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radiated structure: tliough in some of the first order, the 
Echinodermata, it has been lately shown. that they possess 
somewhat of a " bilateral symmetry," like the higher orders of 
animals. The whole class are frequently denominated zoophytes, 
Descr. The number of zoophytes in a fossil state is very 
large ; and, in almost every case, they differ specifically, and 
frequently generically, from existing species. I shall notice 
those chiefly that are most unlike such as now live on the 
globe. 

CrifwideanSy or Encriniits. 

Dtser. These animals have long attracted attention from 
their peculiar structure and the immense quantity of their re- 
mains in some limestones called entrochal or encrinal mardU, 
They belong to the first order of Radiata, or the Echinodermata. 
They are exceedingly rare among living animals, but two 
species, the Pentacrinus caput Medusaa, and the Comatula 
fimbriata, that have been discovered in the ocean, have thrown 
much light upon those that are fossil. Mr. Miller, who has 
written an excellent work, entitled the Natural History of the 
Crinoidea, has divided them into nine genera The two genera 
that have attracted most attention are the Encrihites monili- 
formis, or lily encrinite, or stone lily, and the Pentacrinus 
Briareus. The former consists of a vast number of little joints^ 
or bones, forming a column, (which may be called the vertebral 
column, although these animals are invertebral,) for the support 
of a cup-like body, containing the viscera, and from whose mar- 
gin proceed five articulated arms, dividing into tentaculated 
fingers, more or less numerous, surrounding the mouth. The 
animal was fixed at the bottom of the ocean, or to a piece of 
wood; and merely moved as far as it could reach by bending its 
very flexible column, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, coxnposing the head 
alone of this species, is estimated at ?6.000. These bones are 
perforated and are used sometimes for rosaries. This animal 
relic is shown in Fig. 48. 
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Fig. 48. 



DescT. Tie stem of the encrinite is cincnlar, bat that of 
penlacrinite, pentagonal The latter, also, had usualljr a greater 
number of side arms aod of joints. One of the moat remarka- 
ble of them was the briarean penfacrinite, (Pentacrinus Bria- 
reus) so called on account of the great Qiimber of its hands or 
tentacula. The bones in its fingers and tentacula, amount at 
least to 100.000 : and those of the side arms, to at leeat 50.000 
more. And since each bone mnst have had two set of muscular 
fibres for contraction and expansion, the bundles of muscular 
fibres in the whole animal must have been as many as 300.000. 
This vastly exceeds the muscular apparatus in any other animal. 
What a contrast to man, whose bones ate only 241,^ with 232 
pairs of muscles 1 
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Fig. «. 



Ren. Mora Ihui 30 ipeda of criooideana have been IbflDi] in the rack* 
from the coal fbrmation doviuwudB : bat none of these, with one exceptioD, 
had a penUgonal colaoin. Thoae of thia farm began to ■ppeat at the epaeh 
of the liaa, and have conlinoed to the preient da;. 

DescT. Polypi, Polypifers, ot Polypa/ria, are those muinte 
radiated miiinn l> ; that have the powet' of aecteting carhonate 
Fifr. 50. of lime, and thaa of haildiog up 

large atony structures from the bot- 
tom to the surface of the ocean. 
, They swarm in immensa numbers 

in the seaa of tropical climates, and 
form coral reefs which sometimes ex- 
1 tend hundreds of miles. They seem 

to have existed in all ages, and to 
have formed similar deposits, which 
are now ranked among the lime- 
stones, Figa. 50, 51, and 52, show 
several living species of these ani- 
mals as they are attached to their 
stony habit ationa. 
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VescT. The tentacuU of these oiumBU are provided wjtK 
cilia or minnte haiis on their margioa, which are capable of 
being rapidly moved, so as to keep currents of water in motion, 
that food may be conveyed to theii months. Immense numbers 
of the potyparia unite in building np a single habitation, and 
they do this as if inflnenced by one instinct : so that the struc- 
ture rises with the most symmstrical proportioni. Hence it is 
atill a question, whether all the animals upon each structure are 
not to be re^rded lathei ss one compound animal. In the 
f^iutra ca.Tba.sea each polype has usually 22 lentacnla; end on 
these, 2200 cilia. An oriinary specimen of this species will 
contain 18.000 polypi ; an4 of consequence, 396.000 tentacula, 
and 39.600.000 cilia. On the Fbistra, foliacea, Dr. Grant esti- 
mates 400,000.000 cilia. Rogefs Bridgewaier Treatise. Vol. 
1, p. 122. 

Deser. These polypsria mostly multiply by buds, called 
gemmules, which grow like the buos of plants from the parent, 
and after a time fall off and become distinct animals. A single 
polype in this mode may produce a million of young in a 
inontL They laay also be multiplied by division, when each 
separate port becomes in a short time a whole animal Dif- 
ferent parts may also be made to grow together, and monsters 
of every form be produced. The Hydra is one of the genera 
of polypi ; and by taking the heads of several individuals, ami 
grafting them to one body, a Hydra with seven, or any othei 
number of heads, may be produced. 
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Descr. Small as these animals are, they have nevertheless 
effected important geological changes on the globe j for some 
of the most extensive rock formations appear to have resulted 
from their labors. But the next tribe of animals, which is to 
be described, furnishes still more striking.>evidence how powev- 
ful an agency the minutest of all beings are able to exert upon 
ur globe. 

Infusoria. 

Descr, These animals are not discernible, with a few ex- 
ceptions, but by powerful microscopes: and as they usually 
occur in some sort of infusion, they have been called Infusoria ; 
though they generally go by the name of animalcula. The 
recent astonishing discoveries of Ehrenberg, a Prussian natu- 
ralist, have given a new aspect to this department of animated 
nature, even in a geoloeical point of view. He has described 
722 living species, which swarm almost everywhere, even in 
the fluids of living and healthy animals, in countless numbers. 

Descr. Formerly they were thought to be the most simple 
of all aiiimals in their organization : to be in fact little more 
than mere particles of matter endowed with vitality ; but he 
has discovered in them mouths, teeth, stomachs, muscles, nerves, 
glands, eyes, and organs of reproduction. Some of the smallest 
animalcula are not more than the 24.000th of an inch in diame- 
ter : and the thickness of the skin of their stomachs, not more 
than the 50.000.000th part of an inch. In their mode of repro- 
duction they are viviparous, oviparous, and gemmiparous. An 
individual of the itydatina senta increased in ten days to 
1.000.000: on the eleventh day, to 4.000.000; and on the 
twelfth day, to 16 000.000. In another case Ehrenberg says 
that one individual is capable of becoming in 4 days, 170 bil- 
lions! Am» Journal of Science^ Vol, 35. p, 372. 

Descr. Leuwenhoeck calculated that 1.000.000.000 animal- 
cula, such as occur in common water, would not altogether make 
a mass so large as a grain of sand ; Ehrenberg estimates that 
500.000.000 of them do actually sometimes exist in a single 
drop of water. * . 

Descr. In the Alps there is sometimes found a snow of a 
red color ; and it has been recently ascertained by M. Shuttle- 
worth, that the coloring matter is composed chiefly of infusoria, 
with some plants of the tribe of Algae. And what is most 
singular, is, that when the snow has been melted for a short 
time, so as to become a little warmer than the freezing point, 
the animals die, because they cannot endure so much heat ! Bi' 
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bliotkeque Umverselle de Geneve, for February, 1840 ; as quoted 
in Etudes sur les Glaciers, par Agassiz, p. 62. Neuchatel, 1840. 
A specimen of meteoric paper which fell from the sky in Cour- 
land in 1686, has been examined by Ehrenberg, and found to 
consist, like the red snow, of Conferva and Infusoria. Of the 
latter, he found 29 species. Annals and Mag. of Nat, History^ 
No. 16;;?. 185. 

Descr. Surprising as these facts are, it will perhaps seem 
still more incredible, that the skeletons of these animals should 
be found in a fossil state, and actually constitute nearly the 
whole mass of soils and rocks several feet in thickness, and ex- 
tending over areas of many acres. Yet this too has been ascer- 
tained by the same acute Prussian naturalist. The following 
formations, he says, are of this description. 

1. Bog Iron Ochre i 

2. Kieselguhr, a siliceous incrustation, from > Alluvial. 

hot springs. ) 

3. Polierschiefer, Polishing Slate, a variety ^ 

of I'ripoli, or rotten stone. > Tertiary. 

4. The Semi-opal of the Polierscheifer. ) 
Probably of ^ 5. Semi-opal of the Dolerite, 1 Secondary. 

the same > 6. Precious Opal of the Porphyry, > and 
nature ) 7. Flint of the Chalk. S Primary. 

Descr. Some of the above substances occur in large quan- 
tity. The polishing slate for example, at Bilin in Germany, 
farms a bed 14 feet thick, and the eatable infusorial earth near 
Lunebourg, a bed above 20 feet thick. Yet it would take 
41.000 millions of these skeletons to make a cubic inch ; their 
weight being only 220 grains! A single shield or skeleton 
weighs about the 187 millionth part of a grain ! 

Descr. The chalk of Northern Europe is more than half 
inorganic matter, the rest animalcula. Forty species are found 
in it. Dr. Buckland, as quoted in the Edinburgh New Philos. 
Joum. Jaui to April, 1841. p. 441. 

Descr. The animalcula differ from all other animals, in hav- 
ing their softer parts protected by a shield, or skeleton, which 
may consist either of silica, lime, or oxide of iron. These 
shields, of course, will not 4>e altered by the strongest heat ; and 
although some of the rocks above named, l9ave been subject to 
heat, the skeletons often remain very entire, and their organic 
structure is very obvious through a powerful glass. 

Descr. In New England and New York, the siliceous marl (^BergrMhZ^ 
or Mountain mealj) already described as occurring beneath peat in swamps, 
has been recently shown by Prof. J. W. BaiTey, of West Point, to be 

11 
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almost entMy made up of the foMil skeletoni of infuioriat bdonging to the 
&mUT of BeodUaria : some of which meu to be identicai with those firand 
by Ehrenbeig in Germany. Fig. 53, shows a group of these fossil skeletons, 
sketched by rrof. Bailey, as they appear when diffused in water, under the 
microscope. Amerium Jau/mal of Science^ Vol. 35. p. 118. Deposits of this 
siliceous marl are very common in Massachusetts ; and all hitheito ez^ 
amined, contain vast numbers of these relics : indeed, the^ constitute nearlv 
the whole of the deposits. I have examined specimens from Spencer, Pel- 
ham, Barre, Manchester, Fitchburg, Wrentham, Korth Bridgewater, and 
Andover. Professor Bailey has given a detailed account of the species from 
these localities^ with drawings, in my Mwd Report on the Oeoiogy ofMema- 
^kutOts, VoL 3. p. 310. 

Fig. 63. 




f\ma Infmaria, 

Descr. Of 80 species of fossil infusoria disco veied by Ebren- 
berg, nearly one balf belong to esctinct species. Those in tbe 
recent strata are all fresh water animals; out tbose in tbe chalk 
are marine. - London and Edinburgh Philosophical Magazine^ 
for May, 1839, p. 277. 

Descr. " Tbe fossil animalcule from iron ocbro is only tbe 
one twenty first part of tbe thickness of a buman bair ; ana one 
cubic inch of this ochre must contain one billion of tbe skeletons 
of Hving beings." Wonders of Geology, Vol, 2. p, 689. 

Descr. The ferruginous scum that appears upon tbe water 
of some springs, as well as the red deposit at their bottom, is 
composed partly of tbe remains of ammalcula. and partly of 
inorganic oxide of iron. Edinburgh New Philos, Jouttl Jan. 
to ^rU, 1841. p, 441. 
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2. ARTICULATED ANIHALS. 

Descr, The animals of this class are distingoished \>j hay- 
ing envelopes connected by annulated plates or rii\gs. 

Exam. The earth womi, blood sucker, lobster, crab, horse shoe, spiden^ 
■oorpioiM, insects. 

Rem. Excepting the insects, of fdiich more than 100.000 living species 
are already known, the animals of this chss are not numerous ; and but few 
of its trib^ are found in the rocks. 

InsecU, 

DeiCT, Until recently, no insects had been discovered lower 
in the rocks than the oolite: bnt two species <^ Coleoptera, 
and one of Corydalis, have of late been disinterred in the coal 
vformation. Buckland^s Bridgewaier Jireatise, Vol. 1. p. 409. 
Not less than 25 species occnr in the oolite, several in the 
Wealden, and 244 species in a fresh water formation of the ter- 
tiary group. Bronn^s Lethcea Geognostica, ^.811. Annals and 
Mag. Nat. HisL Feb. 1841, jp. 495. 

^ Rem, If there is any probability that insects were numerous in earlr 
times, and no sufficient reason can be given to show that they were not, it 
may seem strange that their remains so rarely occur. But in the first place, 
a large part of these animals are too frail to be preserved in a fossil state. 
Secondly, only one or two species of insects are found in salt water, which is 
tile principal medium by wnich organic remains have been preserved : and 
thirdly, they are 'so light as to siiuL with difficulty in the waters, while a 

great number of insectivorous animals are watching to devour them, as they 
oat along on the sur&ce. 

Arachnidans^ or Spiders and Scorpions. 

Descr. The scorpon has recently been found in the coal 
formation in Bohemia, by Count Sternberg; and is the first 
example of this animal in a fossil state. Spiders have not been 
found lower than the oolitic series, where only two species are 
recognized; but in the fresh water tertiary several species 

occur. 

Crustaceans. 

Descr. Crustaceous animals are npt common in the rocks : 
yet the King Crab {lAmulns^) so abundant on the coast of New 
fengland, has been found in the coal formation, and also in the 
oolite, where other animals of this family occur. But the most 
remarkable animal of this class is extinct, viz. 

The Trilobite. 

Descr. This singular animal, which is found in the older 
fossiliferous rocks, in all the northern parts of Europe, in North 
and South America, and at the Cape of Good Hope, was long 
confounded with insects. But it was at length ascertained that 
it corresponded most nearly to the living genera of crustaceans, 
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the Serolij, Limulos, and Branduptu. Figs. 54, and 55, ra- 
pieient two genera of trilobites, out of the ten geneia and 52 
apecies that are known. It will be seen that this animal is com- 
posed of a shield covering the anterior part of the body, while 
the abdomen has numerous segments which fold over one another 
like those on a lobster's tail. By this arrangement aome of the 
species had the power to roll themselves up hke the wood louse, 
or the armadillo, and thns of defending themselves against ene- 
mies. These animals are usually from one to six inches long, 
and are divided bj longitudinal furrows into three lobes ; and 
henc« their name. They seem Ui have been destitute of an- 
tennte, and their legs, which were soft, and which answered the 
poipose of legs ana wings, have disappeared. 

Deia: B^ fiir the lirgert trilolnte yet dneribeil, is the Ixleba naetmut, 
finind in Ohm, tad Sgaied by FrofewoT Locke, in the Second Annail Be- 
port oD the Geology of ttut Stole, p. 348. lu entire length i* 21 iDchca 1 

Fig. 54. 
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Deter. Trilobitas abounded unong the ettlier inhabiUati 
of the globe, being most common in the graj'wacke. A few 
species occur in tha carbonifeious strata; above which, not a 
trace of them has been discovered. In the carbomfeTOus strata 
thay are accompanied by the Limulua. This latter also occurs 
in the oolitic group, wiui other crustaceans of a highei ordel. 

Deser. Perhaps the moat curious fact respecting the trilo- 
bites, is the discovery of their eyes, which are somatimes per 
feetly preserved. It is well known that the eyes of crustaceous 
animals, like those of insects, are made np of a vast number of 
facets, or lenses, ]Jaced at the end of tubes, which are arranged 
side by side, so as to produce a radiating mass of eyes, which 
being eenerally of a hemispherical or conical form, and some- 
times elsTBted from the head on a stem, enable the animal to see 
in every direction ; although their eyes have no motion. In 
some insects the number of these lenses in both eyes, as iu the 
house fly, is 14.000 : in other cases, (the dragonfly,) ^S-'^'^'^: >° 
others, (the butterfly,) 35.000 : in others (the Mordella,) 50.000. 
But in the trilobite they amount only to about 800. The whole 
mass is of a conical shape as is shown in Fig. 56. 

Fig. 56. 
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8. HOLLDSCA. 

l)eii,i. The Molluscous animals compose the third great 
class of those that are invertebrat, reckoning from the least to 
the most complex. This class embraces those animals that are 
destitute of a spinal marrow, or articulated skeleton ; but whose 
muscles are attached to a calcareous covering, called a shell ; 
or to a soft skin externally, and to & bard body within, analo- 
gous to sheUs. They are most abundantly diffused among liv- 
ing animals ; and the great number of their remains in the 
Toeks, proves, either that they were more numerous than other 
animals in early times, or tnat they were more readily pre- 
served. Perhaps we must caU in both ciicomstauces to exptaill 
the fact. 

U" 



Aen. Ttw adenee Ibst d«MiibM BoQtucoiu tsiiathketSlticendutigyi 
and from Ihk •deoee gtalogj deriTM the gntUal lid. Eien iti fandunnDUl 
piindplei cannot be dMcribed in thii trntiae : nw, indeed, bat ■ &w of tha 
1™ -r .I..1I- .k.. — f,.,-j i„ J g^gj rt«lo. Some of the moM re- 



CAambtred S&elli. 
Deter. These are anivalre sheUa, which aie divided into 



Bhown in tig. 57, which is a section of the common JSauttlus 
pompitius. These partitions are all peiforated by what is called 
the iiphuncle, which conHi«ts mostly of a membTane, having the 
form of a tube, and being ho firmly fastened to the partitiooi 
that no air can pass by into the chambers. The animal resides 
in the outer chamber, and is connected with the others only bv 
the siphuncle. Around the heart of the animal is a sac, which 
may contain fluid enough to fill the siphuncle. Now the object 
of this structure is to enable the animal to rise or sink at plea- 
sure in the water. When the sac around the heart is filled 
with fluid, the siphuncle is empty, and the air in the poaterior 
chambers expands, ho as to cause the Bhell to rise and float in 
the water ; but when the animal withdraws its arms into the 
shell, the flnid in the sac is compressed, and forced into the 
siphuncle, which condenses the air, and thns the animal is made 
heavier than the water, and sinks. In short, he rises and sinks 
in exactly the same manner as a wateT batlooti. 

Fig. 57. 



Rem. Akhough the OBatilaa baa attracted great attention from tbeeailieal 
tittiea, it i> only within two or three yeaji that Dr. Buokland firat diacovered 
the true eipIanBtion of the manner in which it coulil lise or sink at pleaaure 
in the water, Brvlgeviater Treaiiat, Vet. 1. p. 320. Mr. Owen, hoWBTer, 
dtrabtt the correMUM of Oiia aiplanation. 
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Descr. Witli the exception of one oi two apeciea of nantilufl, 
til the larger species of multilocular or chambered sheUi have 
disappearea from the eartli, although in earLy times they wer* 
very Qumeroua Etnd widely diffused, and often of BQOTinoaa size. 
They resembled the nautilua is general form and structure, al- 
though generically different ; and they are sometimes found 
more than four feet in diameter. Figs. 58, 59, represent two 
. ■peeies of ammonites. 

Fig. 58. Fig. 69. 



DttaSb. Brochont entiaieratm 370 ipeciei of unmoniM : Fhillipt meit- 
tJons 274, whicb he disliibuUa ui followi : In ffrajwacke, 17; in the cac- 
bonlftroUB sjisteaiiSS: in the BBJiferoiw lyBlem, 3: inthe oolilje sjrMem, 164: 
in the creUCHKU ■yslem, 57 : in Ihc teitiary Miata, 1 Tnatiie on Gteiegf, 
Kirf.I.y.e3. 

Deicr. It is well ascertained that in some chambered testa- 
cea, the shell, is contained within the animal ; as in the Spimla 
Peronii, Fig. 60. This appeara to have been the case with 
sereial extinct genera, as uie Orthoceratits, Lituite, Baculile, 
Hamite, Scaphite, Tuirilite, Nummulite, and Belemnite. 
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OrihoeeraHie, 

Descr, At its aame implies, this was a straight shell divided 
by transverse septa into chambers, of which nearly 70 have 
sometimes been counted. It has been found a vara in length, 
and half a foot in diameter ; forming ^floaty which would have 
been sufficient for an animaJ far larger than any existing cepha- 
lopod. Fig. 61, shows the shell of an orthocera with one of 
the septa. 

Fig. 61. 




Orthocera. 

Inf, The great size of these shells, as well as of the ammon- 
ites, confirms the views already presented of the existence of a 
very warm climate when t^ey were alive in northern seas. 

I^m, Not leis than 20 species of orthoeeratite are found in the ^ray- 
wacke, and 28 in the carboniferous group. They have not been found m 
any later rock. 

Belemnite* 

Deser, This internal shell resembled a conical arrow, with a 
cavity of similar shape, in which was4i thin horny sheath, and 
within this, a thin conical chambered shell, or alveolus. It was 
provided, also, with an ink bae, like the living Sepia, or cuttle 
nsh, as a defence against enemies, or rather, as a means of mak* 
ing good its retreat. These shells are found only in the oolite 
and the chalk, and 83 species have been described. 

Fig. 63, shows an imaginary restoration of the Belemnosepia, as made by 
Dr. Bockland, (Bridgewater Treatise, Vol. 2. plate 44. fig. 1.) exhibiting th^ 
animal with the internal shell and ink bag. 



Fig. 62. 



Nunmnlifa. 



Dacr. These extinct sheila' 
are so called from their re- 
semblance to money. They 
aregeneraUyofverydiminn- 
tive size, and belong to wha 
are called tho foTominaUa 
pelythalamous, or many ~ 
chembeied shells. They are 
chiefly remarkable for their 
vast numbers, constituting 
often almost tbe entire mass 
of whole mountains, in the 
tertiary and newer Becond»- 
ry limestones. The Sphinx 
and some of tbe pyramids of 
Egypt are compraed of num- 
mulitic limestone. Fig. 63, 
exhibits a species of num- 
mulite. 

Fig. 63. 



Loligo OT Cuttle Fith. 

Deter. It is well knowa 
that the cuttle fish, (Sepia or 
LoligoJ is provided with a 
bag of ink within its body, 
from which the sepia used in 
painting is obtained ; and 
also with an internal bone, 
or in some species, a mere 
thin cartilaginous substance 
likehorD, Uiat resembles a 
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quiU. Both the ink sod the pen of the Loliga hftT« Teeendr 
Hen discoTsred in a foHsil state in £ngland. Buddana* 
Bridgewater Treatise, Tol 1. p. 303. 

Sao. It'ut. TBTj CuiioiM fict, Iha ■ inlKtknee lO Baailj dntrojcd ai ii^ 
■Acnild h»e been to perfectly preserved ia the liu limestone of Lyme Regis, 
that Bftei thoDtuid* and perhaps ten thoasands of aget, it cui be extracted, 
and tke paint Ginned from it oaoDot be diatingaistuii frmn the beat vhich 
aMiita now mfma 1 It ii alio iateresting to learn that for this diseoverf we 
are indebted to the indurtij and skill of a lad? (Mis* Mary Anning,) wha 
with others of hor lei that might be naoied, is dMng maeh lot the loeaca of 
gtetagj in England. 

Bivalve Shells, mostly exttTtet. 

Deter, or the Terebratula, (Fig. 64,) 30 spei»e* have beoi fband in tiie 
fiaywacke ; 31 in the carbomftrous system : 14 in the new red sand- 
ttooe; 49 in the ootite; &T in Ihe chalb ^ 18 in the tertiary strata, and 13 
among living moUnacs. 

Dtscr. Of theProdDcta,(ng. 65,) 21 speeisa are li>n8d in the gray- 
wacke ) 36 in tlie caiboniferotu ayaiem ; aod ia tlia new red sanditoiM^ 



Fig. 64. 




Fig. 65. 

Fig. 66. 



Deter. Of tto Sprifer, Kg. 66, which slinwa the spiral appendima 
witliin the shell as well as (be external appearance, 37 spedes an found in 
Ihe ^raywacke, 48 in the oarbaoiteroiiB system, and 7 in tbc •- '■ 
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VERTEBRAL ANIMALS* 

Descr. This extensive division of tlie animal kingdom em- 
braces those animals whose organization is the most perfect, 
with man at their head. A cranium, and vertebral column^ 
which encloses the principal part of the nervous system, and a 
regular skeleton, covered by muscles^ constitute the principal 
anatomical distinctions between this class and the three that 
have already been considered. It is divided into four well 
marked tribes : 1^ Mammalia. % Birds. 3, Reptiles. 4, Fishes. 

Fishes, 

Rsm. Ichthyology, or the history of fishes, has leceived such sreat im- 
provements from the labors of Professor Agassiz, as developed in his great 
work now in the course of publication, entitled Recherches sur Us Poissons 
Fbssiles, par V Agassiz ^ ^c. that it may almost be regarded as a new science. 
Especially is this the case in respect to fi>ssil ichthyology.* « 

Descr. The number of living species of fishes now known, 
amounts to abbut 8000 : and the number of fossil species to ihore 
than 850. Buckland!s Bridgewater Treatise^ VoL h p. 267. 

Descr. Fishes are found in all the great rock formations 
from the gray wacke upwards . — a fact which is not true of any 
other class of vertebral animals; and therefore, .the history of 
fossil fishes becomes of great importance. 

Descr. Agassiz divides fishes into four orders ; deriving 
their characters from the scales: 1. The PlacoidianSy or those 
whose skin is covered irregularly with plates of enamel (from 
flritti, a broad plate.) 2. The Ganoidians ; (from yavog^ splen- 
dour,) or those having angular scales of horny or bony plates, 
covered with a thick plate of enamel. 3. The Ctenoidians, 
(xrf(^, a comb^) or those having jagged or pectinated scales. 
4. The Cycloidians, (xuxXoj, a circle^ or those having scales 
smooth and simple at their margin. 

Descr, Three fourths of the existing species of fish belong 
to the two last orders, whose existence has not been ascertained 
below the chalk : the remaining fourth belongs to the two first 
orders: which are not at all numerous now, but existed alone 
in all the periods during which the fossiliferous rocks below the 
chalk were deposited. Agassiz in the American Journal of 
Science^ Vol. 30. p. 39. 

Prin, Not one species of fish has yet been found that is 
common to any two of the great geological formations ] or is 
now living in the ocean. 

Prin. Fossil fishes do not change insensibly as we pass verti- 
cally from one formation to another, but abruptly ; and these 
changes occur simultaneously with those in other classes of 

organic remains; 

'See note E, 
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Inf. Hence the coaclauona tliat bare been made from the 
htstorv of other orgauic remains, are confirmed by this new 
btancn of paUeontology. 

Deser. Below the chalk not even any genus is found that 
embraces any living species : those of the carboniferous strata 
disappear with the deposition of the new red sandstone : those 
in the oolite, introduced after the epoch of the new red sand- 
stone, suddenly vanish with the appearance of the chalk. Two 
thirds of those in the chalk and one third of those in the lower 
tertiary strata, belong to genera no longer existing. Amencan 
Journal of Science, Vol. 30. p. 40, 41. 

' Rmt, This canstaiicj in Ihe choiactri of fossil fishes has enabled M. 
Ag[sssiz to determjae the tras situation af several groups of rocks in the 
geological scale, that geologists had been unable to fii ; or bad put them in 
Ura wrong place, 

Prin. la some of the groups of animals preserved in the 
r.lcks, certain types of organization predominate; and such was 
the eorrelatiiin between different species, that they often con- 
form more or less to the prevailing type. 

Ei^ni, 1, In the otiler rmsilirernuB Tocka, Uilobites accur in greal qiuui- 
liUes] and in the old ml eandttone is found a genus of fiehcs approaching in 
' — - •■- '-'-■■■--- Fig. 67. exhibits a species of this kind. 
Fig. 67. 



Ctphalatpit Lytitit 
Ex. 3. In the seeandaiy strata, during the depositiun of the Oolite, eape- 
ciatljr, saurian reptiioi prevaiieil eicoedingly. Agassii has deserilied 1" 
genera of nauroiil fishes, found io all the fbrmations from tho carboniteroua 
upward, eieept the tertiary : but onlj two gi'nera remain among livins 
fishes: viz. Ihe Lepulcslcus oarus, or bonj jnke ofNorth America; of which 
there exists five species ; and the Caly-plena of two specita. Some of these 
eaatoid fislira in the rocks wcra af enormous uie ; thar teeth being larger 
limn llwBe of (he living crocodile. 

Sharks. 

Descr. Those tishes occur in a living state all over the globe ; 

and there seems to have been no period in geological history ia 

which they did not prevail. More than 150 species have been 

found fossilized. Fig. 68, shows a shark's tooth of enormous 
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siu, found in Lenoii County, North Caralina, by Mi. John 
Limber. Eatimftting the size of the animal hy the rales given 
by loologista, its length must have been between 70 and 100 
feet 

Fig. 58. 
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Deser, Another singular variety of fish is found in all the 
strata below the lias, distinguished by their heteroeercai or iin« 
symmetrical tails; that is, oy tails whose upper lobe extendi 
much the farthest, by the prolongation of the vertebral column. . 
Fig. 69, represents one of these nshes of the genus PaleBoniscus, 
Most living fishes have homocercal or equally bilobate tails. 

Fig 69. 




Palaonitcut. 

Coprolites, 

Descr. The fecal remains of fishes and other animals which 
have been found frequently in several formations, have been 
called Coprolites. Sometimes they are found detached and 
sometimes in the body of the animal ; and the information de- 
rived from them, as to the food, habits, &c. of the animals to 
which they belong, is of great importance. 

lUus. A coproKte of th« ichthyosamns was shown to Prof. Affassix, oon- 




Bridgewaier TreaiUe^Vdl, 1. p. 191. 

Reptiles. 

Def. The remains of reptiles in the rocks are perhaps mor« 
remarkable, and have excited more astonishment ana incre- 
dulity, than those of any other class of animals. This is espe- 
cially true of that tribe called Saurians ; which in popular lan- 
guage, is nearly the same as lizards ; though the lizards pro- 
perly so called, embrace only two genera of Lacerta. Owner's 
Kegne Ammal, Tome 2. p. 30. 

Saurians, 

Descr. The most remarkable feature of the fossil sttQriaiM 
is their great sizej as compared with those species still ftKZsd 
upon the earth. The crocodile is the only exception to this 
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remark : tlie living species being probably as laree as tliose tbat 
are extinct. But the true crocodiles did not begin to appear till 
the tertiary epoch. 

Descr, No fossil s^iurian has been found below the mag- 
nesian limestone of the new red sandstone system. It was not, 
however, till the oolite and Wealden period that their number 
was large, and their developement complete. That may be 
truly called the age of reptiles; or the saurian reign. At least 
40 species of saurians have been described already from the 
oolitic group, and 1 1 species from the wealden rocks. In all 
the formations there have been found about 80 species. 

Def. Dr. Buckland divides the fossil saurians into the marine, 
the terrestrial, the amphibious, and th^ flyu^g> Bridgewater 
Treatise^ Vol. I. p. 165. 



Ichthyosaurus, 



Descr, This animal, sometimes more than 30 feet long, and 
of which 7 or 8 species are known, had the snout of a porpoise, 
the teeth of a crocodile, (sometimes amounting to 180,) the head 
of a lizard, the vertebrse of a fish, the sternum of an ornithor- 
hynchus, and. the paddles of a whale : uniting in itself a combi- 
nation of mechanical contrivances which are now found amone 
three distinct classes of the animal kingdom. One of its pad- 
dles was sometimes composed of more than 100 bones ; which 
gave it great elasticity and power, and enabled the animal to 
urge its way through the water with a rapid motion. Its ver- 
tebrae were more than 100. Its eye was enormously large : in 
one species, the orbital cavity being 1 4 inches in its longest 
direction. This eye also, had a peculiar construction to make 
it operate both like a telescope ana a microscope : thus enabling 
the animal to descry its prey in the night as well as day, and 
at great depths in the water. The length of the jaws was some- 
times more than 6 feet. Its skin was naked, some of it having 
been found fossil : its habits were carnivorous, its food, fishes 
and the young of its own species ; some of which it must have 
swallowed several feet in length. This fish-like lizard was an 
inhabitant of the ocean. Fig. 70, exhibits a restored ichthyo- 
saurus, by Mr. Hawkins. Memoirs of Ichthyosauri and Plesuh 
sauri^ extinct Monsters of the ancient earth. By Thomas Havh 
kinSy Esq, Folio mth 28 plates. 
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Fig. 70. 




Icklhffo»auru9. 

Plesiosentrus, 

DiscT. This animal, of which 6 or more spe*cies have been 
found, has the general structure of the ichthyosaurus. Its 
most remarkable difference is the great length of the neck; 
which has 33 vertebrae : a larger number than in any known 
animal : those of living reptiles varying from 3 to 6, and those 
«^f birds from 9 to 23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 90 vertebrae. Its paddles were proportionally larger than 
in the ichthyosauri. It was carnivorous ; an inhabitant of the 
ocean, or rather of bays and estuaries : where it probably used 
its lone neck for seizing fish beneath, and perhaps flying rep- 
tiles, above the waters. Fig. 71, exhibits a restoration of one 
of the most remarkable species, the P. dolicbodeiruSf by Mr. 
Hawkins. 

Fig. 71. 




PUaiosaurut. 

Rem, According to Dr. Harlan's Medical and Physical Retearchefl, 
ichthyosauri and plesiosauri have been found in the secondary rocks of the 
United States. He has also described another gigantic reptile from this 
country under the name of Batrachiosauriis Misseunenais. Mining Review 
for January, 1839, p. 10. 

Mosasaurus. 

Descr. Up to the time of. the deposition of the chalky the 
ichthyosaurus and plesiosaurus appear to have ruled in the 
ocean: but then they disappeared, and the mosasaurus took 
their place, to keep the multiplication of the species of other 
animals within proper limits. It was most nearly related in its 
structure to the monitor, a species of lizard now living. While 
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the head of the largest monitor does not exceed five inches in 
length, that of the mosasaurus is 4 feet long ; and the whole 
animal 25 feet in length : while the monitor is only 5 feet in 
length. It had paddles instead of legs ; and the numher of its 
vertehrse was 133. 

MegalosauTUs. 

Descr, This name (meaning a great sceurian^) has heen 
given by Dr. Buckland to a gigantic terrestrial reptile, from 
40 to 50 feet lone, allied to the crocodile and monitor in struc- 
ture, and found m the oolite. The animal was carnivorous ; 
and in the structure of its teeth are combined the knife, the 
saw, and the sabre. Its principal food was probably crocodiles 
and tortoises. 

Igfumodon, 

Rem. For oar knowledge of this most gigantic of all the reptiles of a 
lormer world, we are indebted to the industry and scientific acumen of Dr. 
Mantell, who found its bones along with those of the megalosaums, hyleo- 
Sfturus, plesiosaurus, crocodile, &c. in the wealden rocks in England ; a fresh 
water, or rather an estuary fonftation, extending over more than 1000 square 
miles. It must once have formed the delta of a large river, which has dis- 
appeared, as well as the countiy from which it originated. Wonders of 
Geology, Vol, 1. 1>. 36a 

Descr^, This animal approaches nearest in its structure, es- 
pecially that of the teeth, to the living iguana : a reptile of the 
ivar&er parts of this continent; and hence its name ; signifying 
an animal with teeth like the iguana. Its averae^e length could 
not have been less than 70 feet, and Dr. Mantell thinks some 
individuals must have exceeded 100 feet : circumference of the 
body, 14.5 feet;, length of the tail, 52.5 feet: do. of the hind 
foot, 6.5 feet : circumference of the thigh, more than 7 feet ! 
The form of the teeth shows it to have been herbivorous, like 
the living iguana. It had a horn 4 inches long upon the snout, 
Uke some species of iguana. Fig. 72, will give some idea of 
the iguanodon.* 

* In looking at Mr. Martin's thrilling picture, that forms the Frontispiece 
to Dr. Mantell's Wonders of Geology, entitled T%e covntryofihe Ignumodon 
Hestoredf one cannot but be reminded of Milton's graphic description of 

'< With head uplift above the waves and eyes 
. That sparkling blazed, his other parts besides 
Prone on the flood, extended long and largo 
Lay floating many a rood, in bulk as hu^e 
As whom the fabMS name of monstrous size, 

12* 
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Fig. 72. 




iguana. 

Pterodactyle. 

Rem, Of all the fossil animals probably this is the most heteroclitic, and 
at first view, monstrous. Hence anatomists w.ere unable for a lone time to 
refer it to its true place among animals ; some pronouncing it a bird, some a 
< eptile, and some a bat. But Cuvier at last developed its true characters, and 
provai it to be a beautiful example of the wisdom that adapts creatures to pe« 
culiar and varied modes of existence. 

Descr. This animal had the head and neck of a bird, the 
mouth of a reptile, the wings of a bat, and the body and tail of 
a mammifer. Its teeth, as well as other parts of its structure, 
show that it could not have been a bird j and its osteological 
characters separate it from the tribe of bats. But in many re- 
spects it had the characters of a reptile. The outer toe of its 
fore feet was enormously elongated, to furnish support, it is 
probable, for a membranous wing. By this means these ani- 
mals were doubtless able to fly like the bat ; while the fingers 
with claws projecting from their wings enabled them to creep 
or climb. When their wings were folded, they could probably 
walk on two feet ; and it is most likely, also, they could swim. 
Their eyes were enormously large; so that they could seek 
their, prey in the night. They probably fed on insects chiefly ] 
though perhaps, also, they had the power of diving for fish. 
Eight species, from the size of a snipe to that of a. cormorant, 
have been found in the oolite and lias in England, and on the 
continent of Europe at Solenhofen. Fig. 73, shows several of 
these animals restored. 



Titanian, or earth born, that warred on Jove. 
Briareos or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works. 
Created hugest that swim the ocean stream. 

PanutiM Lot^ B0ok 1. Inu 199L 



rriRODACTTLK. 



Fig. 73. 



Ann. " Thiia," njs Di. BockUnd, " like HiKon't fiond, all qoaliSed bt 
■11 WTiicei, and all elementi, the pteroilactyle was a fit companiOD tor Iha 
kindred reptiles that iwarmed in the leaa, or cnnled on the inorea of a toc- 
bolenl jdaoet 

"The Rend, 
O'er bog, or fteep, through etraight, rough, dense, or nire, 
"With head, banJe, wing", or feet, purtnee hi» way, 



"With flockeofauch-likeerulOTe* fljing in lh6 wr, and ihaak of no lew 
nODitTOua ichthjosaDri and pleuoaiiuri awarming in Cbe ocean, and gigantio 
crocodile* and tortidaea ctanling on the ahoree of the primeval lain and 
tinre : air, ■(&, and knd mast have been atrangelf tenanted in these earif 
lariodi of oar ioGuit world." Bridgeaaier TYealiie, VeL i.p. 22i. 

Crocodile* aTtd Tortoises. 

Deser. Of twelve species of the croci>dila family now liTine, 
thtea are aUigatora, eight true crocodiles, . with a short boo. 
broad snout, and one, the gavial, with a long and narrow 
beak, adapted for Feeding on fish. Of the six or more fossil 
species, alt those in the Hecoodarr rocks approach in stmctQio 
to the eavial ; probably because few other animals then existed 
but fish on which they conld feed. These gavial sauriana ar* 
called teteosauri aitd sleneosauri. Of the former, one has been 
found 16 feet long, with 140 teeth. The fossil crocodiles with 
■hort anonts, difiec ao little from existing apecias, u to luad do 
deacriptioB. 
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Deier, Tortoises, both marine, fiesh water, and terrestrial, 
have been found fossil in all tbe formations above tbe coal for- 
mation. One of tbese in tbe muscbelkalk, a sea turtle, was 8 
feet long. Numetous tracks of tortoises have also been found 
on the new red sandstone in Scotland : but these will be de- 
scribed in a subsequent part of this section. 



Birds, 

Twenty species of birds have been found in diluvium ; ten in 
the tertiary strata, and recently, one species of Grallae, or 
waders, in the Wealden formation ; and these are all the fossil 
relics of this order of animals yet discovered. The tracks of 
more than 20 different species of animals have, however, re- 
cently been brought to lignt in the valley of Connecticut river, 
in Massachusetts and Connecticut, on what is thought to be the 
equivalent of European new red sandstone ; and a large part 
01 these resemble the impressions of bird's feet more than those 
q£ any other known animals. But these will be more particu- 
larly noticed farther on.. 



MAMMALIA. 

Descr. There is reason to believe that the Marsupial Mam- 
malia appeared earlier on the globe than any other animals of 
this class. For Dr. Buckland has found two undoubted species 
of the marsupials in the oolite of England. 

Descr. With the above exception, all the other fossil maio* 
malia occur in the tertiary strata and drift. In the eocene ter* 
tiary, as many as 50 species have come to light. Cuvier de- 
scribed 78 species in his great work, the Ossemens Fossiles ; 49 
of which are extinct: ana since that time the number has been 
increased to nearly 200. 

Descr, Among' these fossil animals, are many of existing 
ffenera, and so nearly related to existing species, that a jparticu*^ 
lar description 'will be unnecessary. Such are the fossiispecies 
of the rhinoceros, hippopotamus, hog, cat, glutton, horse^ ox, 
deer, bear, hyaena, weasel, hare, rabbit, rat, mouse, &c. In 

general, however, the fossil species are of a larger size than, 
[lose now living ; indicating a warmer climate when they were 
upon the ijlobe. 

Descr. The marine fossil mammalia, such as the whalei th» 
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dolphin, tlie seal, the walrus, and lamentin, occur as we should 
expect, in tertiary strata deposited in the ocean ; and some of 
the terrestrial mammalia are found mixed with marine animals 
in salt water formations ; having been drifted into the ocean by 
rivers. Other terrestrial mammalia are found in fresh water 
formations, deposited at the bottom of lakes and ponds during 
the tertiary epoch. Others occur in caverns and fissures, which 
existed in the dry land during the same period : and finally, 
similar remains are found dispersed through the diluvium, 
which is spread over formations of every age. 

Descr. At the meeting of the As(«ociation of Amencan Geologists in 
1811, Dr. Harlan stated that the continuous vertebrs of a cetaceous animal, 
denominated the zygodon, had been found in Alabama, as much as 100 feet 

lang. 

Descr, The history of bone caverns and fissures, as de- 
scribed by Dr. Buckland in his splendid work entitled Reliquia 
Dlluviana, deserves a more extended notice than can here be 

fiven. From a careful examination of these osseous caverns, 
y Dr. Buckland, it appears that some of them, as that of Kirk- 
dale, Kenf s Hole, &c. in England, were the residenc^e of hycenas, 
for a Ion? time previous to the historic period ; and that these 
animals draggea in thither great quantities of bones of other 
animals on which they fed. This is proved by the broken and 
gnawed state of the bones, and by the great quantity of copro- 
Htes belonging to the hyaena found m the caverns. Other 
caverns appear to have been the abodes of bears for a long 
period, as those of the limestones of central Germany. In one 
of these, the cave of Kuhloh, more than 500 cubic feet of black 
animal dust, impressively denominated the dust of death, were 
found, resulting from the decomposition of bears ; which must 
have required at least 2500 of these animals ! The bones of 
the osseous breccia, found in fissures in Somersetshire in Eng- 
land, and on the northern shores of the Mediterranean, belong 
mostly to animals that fell into fissures that were afterwards 
filled with detritus. Reliquia Diluviana^ p, 137, and 148. Lonr 
don, 1823. De la Beckers Manual of Geology, j?. 181. 

Descr. Sometimes ossiferous caverns have been used by 
man as a place of habitation, or more frequently tts a place of 
sepulture. And hence his bones, as well as fragments of pot- 
tery, and other relics of a rude people, sometimes are found so 
mixed with the remains of extinct animals, as to lead to the in- 
ference that they were deposited during the same period. In- 
deed, in some of these caverns in the south of France, it is still 
believed by some geologists, that the remains of men were of 
contemporaneous deposition with those of the extinct mam- 
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malia. T^^e English geologists appear to he decidedly of tlie 
opposite opinion. 

i)escr. Osseous breccias, have been found in Australasia ; 
containing bones of the kangaroo, w<Hnbat, dasyurus, koala, 
halmaturus, elephant, hypsiprimnus, he. most of which are ani- 
mals living in tnat country. 

Ikscr. In the United States a few oesiferous caverns haye been fixuid, 
thoagh none of them exactly coitespwiding with the European caverns. 
Some of t^em appear to have been filled with fragments of rocks and bones 
which wen parUallv cemented by stalaamtte, daring the alluvial or historical 
miiod. An example of this kind has been communicated to me by the late 
Prof. L. F. Clarke, of the college of East Tennessee, in a letter dated Aug. 
S3d, 1838. The cavern is situated in the town of Chittenden, Vt. from 2000 
to 3000 feet above Otter Craek, and in limestone interstratified witb mica 
■late, having an easterly dip of about 65^. The bottom of the cavern has a 
westerly slope, u shown in Fig. 74, which is an imperfect sketch from 
memory. 

Fig. 74. 




Bone Canem : CMttenden. VermorU, 

The roof and sides of the cavern are covered with large stalactites, and the 
bottom vnth loose fragments of rocks, in many places to the depth of at least 
5 feet. The fragments at the surface are mostly cemented together by stalag- 
mite, but rarely at much depth. The bones are scattered among the frag- 
ments, and are much broken, and many of them gnawed by the teeth of some 
small animal, ^hese bones, so far as they have been anatomically examined, 
appear to belong to existing animals ; among which those of the bat were 
very abundant ; and it is supposed that some of them belong to the wol^ 
racoon, dec. They appear very fresh, still retaining most of their animal 
matter, much more than the bones from the English caverns. From all the 
fiicts I infer, that this cavern was produced by running water which pro- 
bably had an outlet at A, and that the fragments of stone were thus accu- 
mulated, while the stalagmite was forming and the bones were being col- 
lected, both hj carnivorous animals, and by the death of others that might 
have made this cavern their habitation, during the alluvial or historical p^od. 
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Earlp PcbchydermtUa. 

Descr. In the older tertiary strata around the citj of Paria^ 
Baron Cuvier has brought to light more than 40 extinct quad- 
rupeds, many of them allied to the modern pachrdermata, or 
thick-skinned animals. Fie. 75, exhibits the form of the 
Anoplotkerium gracile, which was of the size and form of the 
gazelle, living like the deer and the antelope. Fig. 76 is the 
Anoplotherium commune ; an animal about the size of the wild 
boar, with the means of swimming with facility. Fig. 77, is 
the Palaotherium magnum, of the size of the horse, but more 
thick and clumsy. Probably it had a trunk. Fig. 78, is the 
Palaotherium minus^ of {.he size of the roebuck. 



Fig. 75. 



Fig. 77. 




75» Antphtherium graeUe: 78 Anoplotherium commune: 77 PabBOtherium mopMfMf 

78 P. miwM. 

Mammoth, or Fossil Elephant 

Descr. Two species of living elephant are known; the 
Asiatic, or Indian, which extends only to the 31st degree of 
north latitude : and the African, which occurs as far south as 
the Cape of Good Hope. A third species is found in a fossil 
state ; especially in the northern parts of Asia and Europe ; as 
well as America. It is this extinct species that goes by the 
name of mammoth, — an Arabic word (behemoth,) signifying 
elephant Fig. 79, exhibits the skeleton of the remarkable 
specimen found encased in frozen mud on the shores of the 
arctic ocean, in Siberia, with its softer parts preserved, as has 
been already described. This skeleton is now deposited in the 
Museum of Natural History in St. Petereburgh. Its length is 
16 feet ; and its height 9 feet Its hair, of which 30 pounds 
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were pnMtved, connisted of black btiatles, 15 inelkes long, mixad 
with wool of a nddtsli brown colar. 

Fig. 79. 




Djsct. Although the mastodon is frequently called the mam- 
moth in this country, where the remains of the largest species 
are abundant, yet it difiera generically from the elephant in iho 
form of its teeth; as may be seen in Figs. 80 and 81, below. 
Fig. 80 is a side view of the grinder of the mastodon, and Fig. 
81j represents the fiat surface of the manimoth's grinder. 



Fig. 80, 



Fig 81. 
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Descr. No less than seven species of mastodon bare been 
discovered in a fossil state ; viz. tnree in Europe, two in South 
America, one in the Unites States, and one in India. The 
largest species, M, maximps has been found in almost every 
part of the United States ; though most abundantly in the salt 
licks of Kentucky, Ohio, &c. The most easterly point where 
the bones of these animals have been found, is Berlin m Connecti- 
cut. An almost entire skeleton has been put up in the Museum 
of Mr. Peale in Philadelphia, which is 15 feet long, aud 11 feet 
high. This was found m Orange County, New York. The 
most remarkable locality in this country is at the Big Bone 
Lick in Kentucky ; where a vast number of bones of various 
extinct animals are imbedded in dark colored mud and gravel, 
which appears to have been formerly the bottom of a massh; 
This spot has been examined by William Cooper, Esq., with his 
usual discrimination and accuracy ; and he is of opinion that 
the deposit containing the bones is to be regarded as drift. He 
estimates that the bones of 100 mastodons, 20 elephants, 2 oxen, 
2 deer, and one megalonyx, have already been carried fwm this 
spot* ' ♦ 

Rhinoceros, Hippopotamus, ffp09^, Horse, Ox, Deer, Sivor 

iherium, Monkey, Camel, ^^ 

Descn Most of these animals in their fossil state, differ so 

little from the existing species, that they need not be particularly 

described in this work. They are generally, however, of larger 

size than the living species. The rhinoceros found undecayed 

in the frozen gravel of Siberia, has already been noticed ; and 

several other species of this animal occur in Europe and in 

India, associated with the bones of the elephant, also with seve* 

ral species of hippopotamus, and one or two of oxen, aurochs 

and deer. The horns of the fossil ox, are sometimes very large : 

in one example 31 inches long: So also the famous fossil elk 

of Ireland, (Vervus giganteus,) had horns that measured 10 feet 

10 inches between their tips. Jamesoris Cuvier's Theory of 

the Earth, p. 246. The most interesting remains of the hyaena 

are those found in caverns. (See Reliquia Diluviana.) The 

sivatherium is an extinct animal recently found in India, in eour 

cretionary drift, larger than the rhinoceros, furnished with ibur 

horns ana a proboscis, and forming an intermediate link between 

the ruminantia and pachydermata. In the same deposit were 

found the remains of a gigantic sOecies of monkey and of a 

camel. Another species of monkey nas also been discovered in 

tertiary deposits in France : so that the important fact seeaa 
13 * See note F» 
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now well establislied, tiat tlie animals approacliing nearest to 
man in their structure, have been found in a fossil state. Woti- 
ders of Geology. Vol. 1. p. 138 and 226. 

Megatherium. 

Deser, Sloth and Armadilfo. Because the Sloth {Bradypus 
imrdigradns) is not adapted for walking on the ground, some~ 
writers, and even some naturalists, (Buiion, &c.) have ridiculed 
its structure, as if it indicated a want of wisdom. But it now 
appears that the animal was intended to live continually upon 
trees ; and that its long forelegs, with long and very crooked 
claws, are admirably adapted for this purpose. The armadillo, 
n$ is well known, is covered with a bony armor for defence 
against enemies, dust, &c. The few living species of this ani- 
mal are small and confined chiefly to South America where they 
burrow Kke the woodchuck. 

Descr. The Megatherium is an enormous extinct animal, 
which was once abundant iii the vast plains or pampas of the 
same continefit. They have been lately found by Mr. Darwin 
over an extent of 600 miles, accompanied with bones ^nd teeth 
of five other quadrupeds, some of them of a similar construction. 
Dr. Mitchell and Mr. Cooper have also described bones of this 
animal from the island of Skiddaway, on the coast of Georgia. 
Buckland^s Bridgewater Tteatise^ VoL tl. p. 20. Annals of 
N, Y. Lyceum^ May, 1824. It was larger than the rhinoceros, 
and its proportions were perfectly colossal. With a head and 
neck like those of the sloth, its legs and feet exhibit the charac- 
ter of an armadillo, and the ant eater, Its body was 12 feet 
long, and 8 feet high. Its forefeet were a yard in length, and 
more than 12 'inches wide; terminated by gigantic claws. 
Across its haunches it measured five feet; and its thigh bone 
was nearly three times as thick as that of the elephant. Its 
spinal marrow must have been a foot in diameter ; and its tail, 
at the part nearest the body, twice as large, or six feet in cir- 
cumference ! Its teeth were admirably adapted for cutting 
vegetable substances; and its general structure and strength 
seem intended to fit it for digging in the ground for roots, on 
which it principallv fed. Fig. 82, exhibits the entire skeleton 
of this animal, which exists in the museum at Madrid, in Spaia 
B^cklaf^s Bridgewater Treatise, Vol 1. p. 139. 
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MtgatAeriitm. 

Htm, 1. It ha5 
cred nilb t boaj u 
eomparBtive snatamist, is of opinion, after & cueJiil ei 

was Dol the cue; and that Ihia animal approached n ._. . _, 

tci lo the ant ntrts and alotha, than to the aimaditio. LmuL and Edin, 
Philas. Mag. July, 1839, He haa lalelr aw;erlaiDed that thii bony anDam 
belonged to another eitinct animal called tfaa G^oden.An. latd Mag. NtO. 
Hill. fib. 1841,?. 492. 

N^m. 2. Dr. Harlan hai recently described the remainaof a hage ex< 
tinct animal, allied lo the aboYe, from Hiisoari, under the name of Orydtro- 
Ihemart Missmaieniis : and Dr. Henry C. Perkina haa deactilwd, m the 
Boslcn Journal of Natural Histoi;, anothel iptciea from Oregon Territory, 
a* the Oryct. Oregonensis. 

Megalonyx. 



of Virfrinia and Kentucky, and has since been discoTered ia 
other places. It was of the aiee of the ox, and appears to have 
been nearly related to the sloth. 

Dinotherium. 
Descr. Until recently the mammoth and the mastodon bar* 

been supposed the largest of all the terrestrial tnanunalia tbat 
ever inhabited the earth : but they must give place to tha 
Dinothorium, described by Cuvier as a gigantic tapir, but re- 
cently by Professor Kaup, a diatinguiihed German naturalisL 
as a new genus between the tapir and the mastodon ; and adapted 
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to that Ueustiine condition of the earth wliich sMms to have 
been bo commoa duiing the deposition of the tertiary strata. 
Its remains have been found in tertiary strata, in the south of 
France, in Austria^ BaTaria^ and especially in Hesse Darmstadt. 
Its len^h most have been as much as 18 feet. One of its most 
lemarkaUe peculiarities consisted in two enonnoaa tnaka, at the 
Ulterior extremity of the lower jaw, which carved downwards, 
like those of the walras. Its general structure seetns to have 
been adapted to digging in the ground ; and for this purpose its 
feet as well as tusks, projecting a foot or two beyond the jaws 
which wete four feet long, were iotended. It lived principally 
in the water like the hippopotamus ; and it piobably used its 
tusks for tearing up the roots of aquatic vegetables, wnich, as is 
■bown by its teeth, constituted its food. Di. Buckland suggests 
abo, that these tuaka might have been useful as an anchor fast- 
ened into the bank of a river, while the body of the animal 
floated in the water and slept. They might have been useful 
also, to aid in dragging the body out of the water and for 

defence. 

. Fig. 83, li a iketek of ttie DinBtieratm girantaan u reaiored b; ProC 
Kaop. Btickland'i Bridgevaier TreoHie, Vol. I . p. 13Ci. AnolheT ipecie^ 
(lie b. Bamicnm, hu been discOTned. 

Fig. 83. 



leknolithology : or the HUtory of Fossil Footmarks : {Ichnologjt, 

Buckland.) 

Duer. This singular branch of palmontology has but lately 

begun to attract the attention of geologists ; since it is only 
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witUn a f^w years that genuine examples of the tracks of ani- 
mals in stone have been found. It is,, indeed, and long has 
been the common belief, that such impressions are frequent y 
but the geologist usually finds that they are merely the effects 
of disintegration or aqueous action, by which the / softer parts 
of the rock are more worn away than the harder parts. The 
following are all the well authenticated examples of fossil foot- 
marks that have been discovered up to the present time, - 

Exam. 1. In the Transactions of the Royid Society of Edinburgh for 
1828, Dr. Duncan has given an account, with drawings, of the tracks of a 
-quadfraped on new red sandstone in the quarry of Corn Cockle Muir, in 
Dumfries-shire, Scotland. These tracks have been found there in great 
abundance, on many successive layers of the stone, to the depth of 45 feet; 
or as low as the quarry had been opened. They occur a&o in another 
quarry, 10 ' miles south cf Corn Cockle Muir, where one aeries of track* 
ex(«nded from 20 to 30 feet. Dr. Bockland seems to have satisfactorily 
shown that they were made by tortoises. Bridgewater TrecUise^ Vol, 1. 
p. 259. 

Exam. 2. In 1831, Mr. G. P. Scrope found numerous footmarks of small 
animals on the layers of forest marble, north of Bath in England. They 
occur along with ripple marks, and were probably made by Crustacea, crawl- 
ing alon^ the bottom of an estuaiy. The impression of the tail or the 
stomach is sometimes visible between the rows of Tracks. J^fnal of ^ 
Royal Institution of l/mdorhy 1831, ^. 538. 

JSxam. 3. In 1834, an account was published in Europe of some remark- 
able fossil fbotmirks on the gres bigarre (new red sandstone,) at Hessberg, 
4 near Hildberghausen in Saxony. Accounts of these impressions have 
been given by Drs. Hohnbaum and Sickler, Professor Kaup, M. Link, 
and Baron Humboldt. The largest track appears to have been made by 
a marsupial animal, whose hind root was 8 incnes long. This animal Pro£ 
Kaup has named chirotheriwm^ from the resemblance . of its track to a hu« 
man hand. Some of the tracks appear to have been made by tortoises ; and 
M. Link, who has made out four distinct species from these tracks, sug- 
sests that some of them may have been made by gigantic batrachians, 
(frogs, salamanders, &c.) BuckUm^s Bridgemater Trecaise, Vol. 1. p. 263, 
a$id Vol. 2. p. 36. Wonders of Geology^ Vol. 2. p. 423. Am. Jmi/nuU 
of Science^ Vol. XXX. p. 191. Fig. 84, shows a few tracks of the chiro- 
therium on a slab of sandstone from Hessbeig. {S^ specimens in the CaH* 
net at Amherst College.) 

Fig. 84. 






Rem, Mr. Owen, with great sagacity, has rendered it probable that the 
tracks referred to the chirotherium, were made by a gigantic batrachian, or 
frog, whose hind feet were much Istreet than his fore feel. He has given a 
sketch of the animal restored, (the bones of the head only have been dis- 
covered,) and of the manner in which the tracks might have been produced, 
fig. 85 is a copy. 
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Fig. 85. 




JLoAyrinMuipn patkifgnatkut Owen. 

r 

Exam. 4. In 1834, a few very diBtinct tracks retembliDg those of Hrds 
were discovered in the red sandstone of the Connecticut vaUey, at Mon 
tagne in Massachusetts. Subsequent examination discovered similar* im 
j^essionfe at several quarries in the same valley and state : and an afr 
count of seven species was given in the American Journal of Science fbi 
January^ 1^6, under the name of OrniihicknUei^ or sUmfy bird tracks 
Some of them are very snudi, the toes not being more than half an inch 
long; and the length of the step not .more than 3^or 4 inches: while other* 
are of enormous size : the foot being 17 inches long, including a claw of 
8 inches ; aod the length of the step from 4 to 6 feet. In anotner species, 
if we include a singular impression behind the toes, that appears to have 
been made by a large hed, the whole length of the track is 3 reet, land of the 
step, 6 feet. 

Since the time when the account above mentioned was published, I have . 
made still farther discoveries on this subject. I am now acquainted with 30 
species of these impressions, occurring at 15 quarries, in a distance of 80 
miles, along the banks of Connecticut river, between the north line of 
Massachusetts, and Middletown in Connecticut. So perfect is the. impres- 
sion in some cases, that one specimen shows the spitted, ridged, and furrowed 
skin, of the bottom of the feot. I have also examined a miHch larger number 
of the feet and tracks of different sorts of -living animals, and the evidence 
seems still quite strong, that a large proportion of the fossil tracks must have 
been made W birds of the gralle femily. Yet some species greatly resemble 
the tracks of saurians, though I have almost no evidence that any of them 
were made by animals having more than two feet Hence I have denomi* 
nated such tracts Sauroidichnites ; that is, tracks resembling those of Sau- 
rians. And I have called the others OmithoidiehnileSf rather than Omu 
thicknites ; that is, tracks resembling those of birds^ instead of asserting that 
they are actually such. I stronglv suspect, indeed, that nearly all these 
tracks were made l^ birds : though some of these birds might have par- 
taken largely of the sauroid type^ which seems to have been introduced 
about the same epoch, according to the principle stated on page 138. Yet 
so long as any doubt remains on the subject, it may be wiser to give names 
which do not imply absolute knowledge. A few bones lately discovered 
in the same sandstone formation,, inspire the hope that Certainty on this sub- 
ject may reward persevering enquiry. Fig. 86, shows four tracks on a slab 
of gray sandstone in my possession from South Hadley, Massachusetts. 
(Sue numeroHS specimens in Amherst CoUege.) Final Report on Oeol. Mass, 
rol.2.p.46i. 

Rem. It will be seen by the meeedmg statement, that I do not feel by 
any means certain that these tracks, — especially some of the Sauroidichnitei^ 
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trexe made by birds. I only lay, that tb^ c o rrwpond mogt nevAj with 
those of birds, than with, those of any other living animals. Among the 
extinct anintals, the pterodactvle is the only one that could have made tracks 
at all similar ; and not improbably some of the 30 species above deseribed, 
mi^Y have been made by toat animal. But the toes of the pterodaetyle, I 
believe, are dways 4 or 5 : whereas more than half of these tracks show the 
impressions of only three. 

Fig. 86. 







Exam. 5. In the summer of 1838, tracks of the chirotherinm, tortoises, 
and saurian reptiles were discovered in the new red sandrtone, at the 
ouarries of Storeton Hill, below the Meuse and the Dee, in England. 
The largest track of the chirotherium is 9 inches long, and 6 inches broad : 
length of the step, 21 to 22 inches. At least 6 species nf tracks occur at 
thb spot. A track of another species of chirothermm, of still larger size, 
has been found, probably in the red sandstone, near Tarporly : and Sir 
Philip Egerton is of opinion that this is different from Ihat at Storeton, 
and that both differ from the one found at Hessberg; so that evidence 
is now obtained of the existence of three species of chirotherinm, at the 
epoch of the new red sandstone. Mimng jReview for Dec. 1838, p. 180. 
Dr. Buckland statoi that 5 or 6 species of smaller reptiles have also been 
found at the localities in England. An, and Mag, Nat, Bist, Fdf. 1841, 
p. 495. 

Exam. 6. At the meeting of the British Association for the advancement 
of Science in the summer of 1839, Dr. Ward gave an account of some 
fossil footmarks discovered on the new red sandstone near Shrewsbury, 
in England. These impressions are trifid, like those in the sandstone of the 
Connecticut valley. The three toes appear to have been armed with loner 
nails ; and in this respect, also, they torrespond to those in our country. 1 
have, however, seen only a brief account of Dr. Ward's communication. 
American Journal of Science^ Vol. 38, p. 127, Jan. 1840. 

Exam. 7. In Prof Leonhard's and Bronn's Jmimd of Mineralogy, Ge- 
ognosy, Geology, and Palsontology, for 1839, Dr. Cotta has given an ac- 
count of some singular footmarks in new red sandstone in Saxjj^ny, some 
20 or 30 miles from Leipsic. The form of these tracks is very peculiar. 
They are two toed ; or rather resemble a horse shoe, except in being usually 
somewhat angular. Dr. Cotta could not find any regular arrangement 
of the tracks ; yet he speaks of obtaining full evidence that the impressions 
were produced by the feet of animals ; and he thinks it most probable of 
biped animals. He found only figures in relief on the underside of just 
such a layer as contains the tracks at Hessberg. Am. Journal of Science^ 
Krf. 38, i». 255. 

Exam. 8. Some cases of tracks noticed by Dr. Buckland, in his Anniver- 
sary Address before the Liondon Geological Society, in February, 1841, may 
be mentioned, rather to illustrate the examples that have been given, thap as 
of the same character. For they are the tracks of deer and large oxen upon 
mid beneiith a bed of peat, at rembray, in Pembrokeshire, ai^ to the £tfl 
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of Neath. Thejr sliow how tracks in mod can be long preterred. An, ^nd 
Mag, Nat. History, FTeb. 1841. p. 495.* 

Rem. 1. I have recently received specimens of the tracks of chirotherium, 
from Htldbarghausen in Saxony : and I find that they correspond in genend 
appearance to the fossil footmarks from New England : although the shape 
of the foot is quite different. 

Rem. 2. It will be seen that I do not adduce as an example of fossil foot- 
marks, the impressions of the human foot, which were found on limestone 
n the banks of the river MissiBsippi, in front of the city of St. Louis, in 
Missouri, and which have been described by Mr. Schoolcraft in the 5th 
volume of the American Journal of Science. I omit them because I do not 
think there is sufficient evidence that they are natural impressions. They 
occur in a blue limestone, containing an abundance of encrinites and other 
analogous remains, and which is probably the carboniferous limestone of 
Europe. JF^eatherstoTiehau^h^s Report, 1835, p. 28, <f*£. It will surely require 
strong evidence to prove m opposition to all that geology teaches in every 
other part of the globe, that man existed when the limestone of the Missis- 
sippi Valley was ^ing deposited at the bottom of the ocean. Yet I am pre- 
pared to believe that he did, when on splitting open layers of that limestone, 
continuous human steps shall be found impressed on the lower layer, and 
in relref on the upper. But only one pair of footmarks have yet been 
found, and those upon the exposed surfaco of the rock. « They were pro- 
bably formed by the ancient inhabitants of the country, or by the early 
white settlers, who had iron to<^s. If they are as perfect as the drawing 
in the Journal of Science, they could hardly have been formed by water : 
and yet water often product very remarkable imitative forms in lime- 
stone. 

Rem, 3. It is a singular fact, that nearly all the examples of fossil foot- 
marks hitherto discovered, occur upon some member of the new red sand- 
stone system. There must have been something peculiarly favorable, either 
in the nature or mode of deposition of that rock, to the preservation of these 
impressions. 

Inf. These impressions* must probably in every instance 
have been made on the shores of an estuary, between High and 
low tide mark : for if made upon land, always dry, it is difficult 
to conceive how they should have been preserved from being 
obliterated by atmospheric agencies ; or how matter should 
have been deposited above them to preserve their form : yet the 
fact that the impressions of rain drops sometimes accompany 
the tracks, (as will be described shortly) shows that when im- 
pressed the mud must have been above the water. Probably 
the influx of the tide brought in silt enough to preserve the im 
pressions. * 

ImpresHons df Rain Drops, 

Descr, In the same formation of red sandstone that contains 
the footmarks in England, are found most distinct impressions 
of what appear to have been drops of rain. In the Storeton 
quarry, where are found the tracks of the chirotherium^ " the 
lander 4iarface of two strata at the depth of 32 or 35 feet from 

* See note 6. 
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the top of the quarry, presenta a remarkably blisterecl or watery 
appearance, being aensely covered by minute hemisphejes of 
the same substance as the sandstone. These projections are 
casts in relief of indentations in the upper surface of a thin sub- 
jacent bed of clay, and due in Mr. Cunningham's opinion to 
drops of rain." tiond. and Edin. Philos. Mag, 1839. Some- 
times these impressions are perfect hemispheres : in other cases 
they are irregular and are elongated in a particular direction 
as if the drops struck the surface obliquely : appearing in fact 
as if a wind nad accompanied the rain. Tracks of a small ani- 
mal accompany these impressions. Americau Journal ofScience^ 
Vol. 37. p, 371. Dr. Ward describes exactly the same appear- 
ance in the new red sandstone near Shrewsbury, in connection 
with tracks and ripple marks. Am. Jour, Science, Vol, 38. 
p. 127. 

Rem, 1. I have specimens of precisely the same character as the 
abo^e from Wetherafield in Connecticut, and West Springfield and Gill, 
Mass. where they occur with foot marks and ripde maris. like the Elng- 
lish specimens, (which however I have not seen,) these show distinctly the 
direction of the wind when the rain fell. Furthermore, I have fbnned a 
fine clay into paste, and on sprinkling water upon it, precisely the same in- 
dentations are produced as exist upon the sandstone. Final Report on Oeoi. 
Mass, Vol. 2. p. 501. 

Rem. 2. It is a most interesting thought, that while millions of men, 
who have striven hard to truismit some trace of their existence to future 

generations, hav« sunk into utter oblivion, the simple footsteps of animals, 
iiat existed thousands, nay, tens of thousands of years ago, should remain 
as fresh and distinct as if yesterday impressed ; even though nearly every 
other vestige of their existence has vanished: Nay, still more strange, is it, 
that even the pattering of a shower at that distant period, should have left 
marks equally distinct, and registered with infidlible certainty, the direction 
of the wind ! 



Synoptical View of the Fossil Footmarks. 

Rem. 3. If it be desirable to classify the fossil footmarks that have been 
described, perhaps the following arrangement, which will give a synoptical 
view of the whole subject, may answer till a better one is proposed. 

CLASS. ICHNOLITES. 

Order 1. poLYPomcHNiTEs. 

One spedet made fay a crustacean on forest marble, near Bath, Eng- 
land. 

Order 3. tetrapodicrnites. 

1. Three iqpecies made by chirotheria : two in England and one in G^ 

many. 
9. By Sanrians in England. 
3. By tortoises in Scotland and Germany. V Nine species in alL 



4» By batrachians in Germany. 



I 
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Order 3. dipooichni'Tes. 
1. In MassachuseUs and Connecticut 

a, Sauroidtchnihi, 

1. S. Barrattii. ^ 

2. heterocKtoB. 

3. Jacksoni. 

4. Emmonsii. 

5. B&ileyL 

6. minitans. 

7. longipes. 

8. tenuissimufl. 

9. palmatus. 
10. polemarchiufl. 

b, OnMxndicknUn, 

1. PachydactyH, 

1. O. giganteus. 

2. tuberostta. 
8. SillimukL 

4. Lyellii. 

5. O. eKpansufl. 

6. cuneatas. 

7. parvuJus. 

2, heftodadytL 

8. ingens. 

9. elegana. 

10. elegantior. 

11. Dwm. 

12. tenok. 

13. macrodftctylas. 

14. divaricatus. 

15. isodactylus. 

16. delicatulaa. 

17. minimus. 

18. tetradactylaa. 

19. graciiior. 

20. Kogersi. 

See a full description with j^Iates of all these species (except the O. Silfi- - 
mani, Lyellii and Hogersi, which were first described at th^ meeting of the 
Association of American Greologists at Boston, in April 18^,) in the Fifial 1 

Report on ih£ Geology of MassackusettSf p. 477. -* 

2. In Europe, 

1. One or more species near Shrewsbury in England. 

2. do. In Saxony. 

12. General Inferences. * 

Hem. I have passed over several important inferences derived chiefly from 
paleontology, because they were not deducible from any one statement Aat 
nas been made, and I thought it best to present them in w conclusion of this 
section with a summary of the proof. 
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P Inf. 1. The present continents of the globe, (except perhaps 

jl some high mountains,) have for a long period constituted the 

' bottom of the ocean, and have been subsequently elevated. 

Proof. 1. Two thirds at least of these continents are covered 
with rocks, often several thousand feet thick, abounding in 
marine organic remains ; which must have been quietly depo- 
sited, along with the sand, mud, and calcareous or ferruginous 
matter, in which they are enveloped, and which could have ac- 
cumulated but slowly. 2. The secondary and primary stratified 
rocks are almost universally fractured and raised up at various 
angles, just as they would have been if lifted from the bottom 
of the ocean by a force acting beneath them. 3. Anticlinal 
ridges are so frequently found with a nucleus of unstratilied 
rocks, as to point us to a sufficient cause^ viz. volcanic agency, 
for the elevations that appear to have taken place. 

Rem. This inference is to be regarded as probably the most important 
principle in geology, and as established on an immovable foundatioD>, 

Inf. 2. Different continents, and different parts of the same 
continent, appear to have been elevated at different epochs. 

Proof Let A. B. Fig. 87, represent a mountain ridge, with 
an axis a of unstratified rock. Let the three systems oi strata 
bby cc. and dd, rest upon the axis a, and upon one another, un- 
conformably, and dip at different angles, except dd, which sup- 
pose horizontal. Now it is obvious that the formations cc, and 
ob, must have been elevated previous to the deposition of dd ; 
otherwise the latter would have partaken of the upward move- 
ment. And if there be no regular member of the series of rocks 
wantin?, between d, and c, it is obvious that we thus ascertain 
the geological, though not the chronological epoch, when cc was 
elevated, cc, however, is unconformable to bb ; and therefore 
bb^ was partially elevated before the deposition of cc : in other 
words, bb has experienced at least two vertical movements. 
Now this is a just representation of the actual state of things in 
the earth^s crust; and hence by ascertaining the dip of the for- 
mations that are in juxtaposition, we ascertain the <lifferent 
epochs of elevation. 



Fig. 87. 



Facts. By ttie application of these principlea, it is found that 

the mountains of Europe have been elevated at no less than 
twelve different epochs; the oldest of which dates as fai back 
ai the time when the slates of Westmoreland were tilted up : 
and the most recent, (the principal chain of the Alps,) is said to 
be subsequent to the deposition of the tertiary strata. So fai 
as the subject has been examined in this country, it appears that 
five or six aystems or epochs of elevation can be traced in out 
mountains: though since the depositionof our secondary rocks, 
scarcely any movement has taken place : and though Elie de 
Beaumont suggests that the elevation of the Andes was bo re- 
cent that it may have produced the historical deluge, yet the 
easteru side of oui continent is probably of an older date than 
most of Europe, 

Prin, Acconllng to Elie do Beaumont, lo whom w« are indebted ibr 
the firat exlcn»ive genetaliuliona on this aubjecl, although Von Buch gnd 
other gfologists bad previously lunde local applications of the aame princi- 
pl«, chains of contcmporanHHiH elevation are parallel to one anotbec, and 
''to the ■emi-circunilerence of the earth'a aur&ce:" and hence he infen 

ferent ccniinent*, if the; are parallel : that the chain of the Alleganiea, far 
instance, belongs to a sjeteni of elevation which includes the Pyrenees, part 
of the Appenines, the mountains of the Morea, a part of the Uaiti EDoan' 
taina, Mount Attai, and other ridges in Africa, the Carpalhiui mountun*. 
Mount Carmel, and Sinai, a part of the CauoasiaD chain, and the Ghauts. 
In the presrnt state of our knowledge of these mountains, this conclusion 
li unwarranted ; for it is admitted by Beaumont, that systems elevated at 
diffareut epochs may be parallel; and until the geology of these moun- 
tains is better understoDd, it cannot be known but that Ihese belong to 
different parallel eystems. See LyeWs Prin. Geol Vol. I, p. 301. Yet it 
seems capable of mathematical demoDBtratiou, tbat £aaurcs prodnoed by 
an elevatmg force acting beneath a portion of iLe earth's crusl, will be 
puallel when no two consecutive fissures are remote from each other ; and 
If another set of fissoies be produced, by the force acting unequally at dit 
fereni patnte, theac will be parallel te one another, also; and approiimately 
perpendicular to the first set. Hence Beaumont's principle may prove trua 
over laige areas ; but much more eitsnwve observalious will be necesaary 
before il can be applied, except in limited diitricta. PkUUp^s Geology, ^ 
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tfkf, 3. Tlie convukure moTements by whick systems (^ 
strata were elevated, appear to have been in most instances 
short compared with the intervening periods of repose, during 
which successive formations were deposited. 

Proof. 1. The deposits appear generally not to have been 
disturbed by any elevating force while in a state of formation, 
as this would have changed the character of the organic remains : 
De la Beckers Tkeorehcal Geology, Chap. 12. and the period 
of deposition must have been in most cases very protracted. 

2. Had the" elevating force been going on slowly during the de- 
position, the lower beds of the formation ought to have a greater 
dip than the upper beds ; which is rarely tound to be the case. 

3. Paroxysmal convulsions are sufficient to account for the ap- 
pearances in most cases of the elevation 'of the strata. 4. in 
most cases there is no evidence of any long interval between the 
deposition of two rocks whose position is unconformable. 5. 
Some single local dislocations are of enormous size, amounting 
to 3000 or 4000 feet ; as in the Penine region of the^ north of 
England : and it is difficult to conceive how such faults could 
have resulted from a succession of minor forces acting through 
long intervals. 6. The doctrines of internal heat, if admitted, 
furnish a sufficient force to elevate the highest mountains by a 
single effort. . Phillips^ s Geology, p. 260. 

Rem. The interval between the deposition of Gonsecutive strata may 
soxnetimes have been very great, if measured chronologicaliy ; especially 
where one member or more of the series of rocks, is wanting. In such 
cases the principles above explained do not enable us to determine during 
what part of this interval the elevation of the strata took place. It is chiefly 
on this ground that Mr. Lyell attempts to overthrow the whole of Beau- 
mont's reasonings and conclusions on niis subject. But it seems to me that 
lie has ^hown only that it is difficult to fix upon that point in the interval 
hietween two consecutive rocks, when the Convulsive movements took place ; 
and that the fundamental principles of Beaumont^s theory remains unaf^ 
fected. And in respect to the exact geological time when the elevation 
occurred, it is, to say the least, very probable that it took place just at the 
termination of the period during which the elevated rock was in a course of 
formation ; for sucii a convulsion furnishes, in many instances at least, the 
only known reason why its deposition was brought to a close. JL/i/eWs Priiu 
dptes of Geology^ Vol. I. p. 304. Other writers have adduced various objec- 
tions to the views of Beaumont ; as Dr. Boue, for instance, in the Joumak 
de Gedogie, Tome 3. p. 338. 

Inf. 4. It is maintained by Beaumont, thiit the changes in the zoologi- 
cal and botanical characters of the formations, correspond in general to 
the epochs of elevation: that is, the period of elevation seems to have 
been the time for the destruction of one group of orpanie races and the in- 
Sroductioo of new species. But though this may be generally, it is not 
usually true. No great change, for instance, appears to have taken place in 
the organic characters of rocks below the zechstem inclusive. But tnis may 
in part be explained by the fact that all or nearly all the animals before that 
ueriod were marine, ajid consequently might very probfthly survive the up 

14 
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bant of a continent ; since violent agitation of the waten would be ths 
principal effect. 

Inf, 5. In many instances tlie rocks appear to have suffered 
one alternation or more of elevation and subsidence. 

Proof. I. The phenomena of what is called the Dirt Bed, 
of the oolite formation in the isle of Portland, in G. Britain, 
(See Fig* 46.) are perhaps the best example in proof of this 
proposition that occurs. In a bed of black mould, lying between 
the Portland stone beneath, and the Purbeck stone above, (both 
of them oolitic limestones,) there exist large prostrate trunks, 
and erect stumps of cycadeae, or tropical trees, which must have 
grown on the spot where the stumps now stand. The follow 
me conclusions seem to be fairly inferrible from the facts do- 
taSed. 1. That the limestone beneath this dirt bed was depo- 
sited at the bottom of the ocean. 2. That this bottom must 
have been elevated above the waters long enough for the accu- 
mulation of the soil and the growth of the trees. 3. That the 
surface was next submerged beneath the waters of a freshwater 
lake ; next beneath an estuary ; and next beneath a deep sea, 
long enough for the deposition of strata 2000 feet thick. 4. 
That these strata have been subsequently elevated into their 
present terrestrial state in England. BtLcklaiicPs Bridgewaler 
Treatisey Vol. \, p. 495. 

2. The coal formation may be mentioned as another example 
in point. In these formations there is sometimes an alternation 
of marine and fresh water remains,i.and always an alternation of 
coal with shales and sandstones. Hence soihe geoloeists are of 
opinion that the land, where the vegetation grew that formed 
the coal, must have sunk and risen again, every time these al- 
ternations occur. Others, however, suppose that the coal plants 
grew on low islands of tropical archipelagos, and were trans- 
ported into the bottom of the ocean, or of estuaries, when they 
were covered by deposits of sand, clay, and limestone^ and again 
by o^her beds of vegetables, until a great thickness of these^in- 
terstratified layers had accumulated. Freshwater and marine 
relics sometimes alternate in successive strata of the coal mea- 
sures, because in an estuary the salt water would occasionally 
prevail over the fresh water from the river which exnptied into 
it. See De la Beche's Manual^ p. 444. Also his TkeoreticaZ 
Geology^ p, 264. Macculloch, s system of Geology, Vol. 2. j9. 312. 
PMUipis Geology, p. 116. 

3. A third example is the alternating strata of freshwater 
and marine deposits in the tertiary series. But in this case, 
also, it is very possible to conceive how these alternations might 
have been effected by the successive predominance of rivers 
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%rl «)^ sea in an estuary as explained above. PkUlipii 
Geolrgy, p. 164. 

Rem* Fxamples of more recent elevation and subsidence will be given in 
Section VlII: where will also be found the various theories proposed fi>r the 
iZ|danation of the phenomena of elevation and subsidence, 

Inf, 6. From the phenomena of organic remains, it appears 
^hat the species of animals and plants now existing on the globe, 
^ould not, with, a few exceptions, have been cotemporaries with 
ihose fonnd in the rocks. 

Proof. 1. If they had been cotemporaries, no reason can be 
given why the remains of the living species^o not occur in the 
rocks ; which, with the exception of a few hundred species in 
the more recent tertiary strata, is well known to be the casa 
2. Comparative anatomists decide from the structure of the ex- 
tinct animals and plants, that they were intended for a climate 
and other ^physical circumstances so different from ^ose now 
existing, that the organic beings adapted to one state, could not 
have endured the other. The period of the tertiary strata is 
the only exception : and even then, the climate appears to have 
been in high northern latitudes nearly as warm as at present 
between the tropics, until near the close of the period. / 

Inf. 7. Hence too we learn the mistake of tnose, who are in 
the habit of pronouncing very confidently that certain organic 
remains are petrifactions of existing animals and plants. For 
if they are obtained from the secondary rocks, the presumption 
amounts almost to certainty, that they cannot be the representa- 
tives of existing species. 

Exam. Fossil trees are called oak, maple, hemlock, &c. fibrous tremolite 
and some varieties of mica and talcose slates, are called petrified wood : en- 
etinites are called snakes : coal plants are called rattle-snakes : favosites and 
certain fossil shells are called butternuts and walnuts; some varieties of an- 
cient polyparia are regarded as the horns of de^, others aa petrified pork : 
and even petrified squaws, pappooses, and buffaloes have been announced as 
existing in the far west. It is often amusing to see with how much confi- 
dence a man ignorant of zoology and botany, will pronounce upon these 
supposed cases of ideuticalness. 

Inf. 8. It appears that there have been upon the globe 
several distinct periods of organized existence, in which par- 
ticular groups of animals and plants, exactly adapted to the 
varying physical condition of the globe, have been created and 
have successiv^y passed away. 

Proof. If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has 
been established beyond all doubt, we shall still find at least five 
nearly complete organic revolutions on the globe: viz. 1. 
The existing species. 2. Those in the tertiary strata. 3. Those 
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in the eietaceons and oolitic systems. 4. Those in the new red 
sandstone gronp. 5. Those below the naw red sandstone. 
Comparative anatomy teaches us thilt the animals and plants in 
these different groups could not have lived in the same physical 
circumstances. 

Rem. 1. The animals in the cretaceous and oolitic systems are ahnost 
entirely dUeimilar. But since Adolphe Brongniort considers the plants as 
all belonging to one group, and Prof. Agassiz declares the fishes of the 
chalk to bear a great resemblance to those in the lower tertiary strata, I have 
thought it safest to reckon the cretaceous and oolitic systems as forming 
only one organic period. The synoptical table at the end of Section ^ 
shows a classification which makes six distinct groups. 

Rem. 2. It appears from the following quotation by Dr. Smith, (Scrip-' 
tare and Geology^ p. 514, second Ed.) that Deshayes, an eminent palvon- 
tolegist, is able to make out &we distinct periods of organized existence, 
bendes that now passing, on the globe. " M. Deshayes Jias lately an- 
nounced that he had utscovered, in surveyin^r the entire series of fiissil 
animal remains, five great groups^ so compiddy independent, tkat no species 
whatever is fmmd in mare than one of them. The first of those groups 
IS that to which trilobites give the character; the three succeeding 
belong to the system of the large saurians, and the fifth includes the 

S stems in which I have pointed out the paJsotheria, the mastodons, and 
e elephants." lyOmaHns d^ffaSoy^ Elem. de Ged. p. 187; Paris, 1839. 

Obj. Perhaps the deposits containing these different oi|[anie ^ouns, may 
have been going on at the same time in different countries, or in oifferent 
parts of the same countnr. 

Answer. Although all the rocks composing these different systems are 
not found pil^ upon one another in any one place, they are all found so 
connected at different points, as to prove that they were formed successively. 
Yet where any are wanting in the series, as the Wealden, for instance, in 
North America, the interval during which these were forming in particular 
localities, may have been oocu(Heu by a prolonged deposition of the next 
older, or by an earlier commencement of the next newer rock. Most proba- 
bly however, the same formation was begun and completed in different 
places about the same period : otherwise the climate would have varied so 
much as to produce a marked change in the organic remains. 

Rem. Tne Palaontologioal Chart appended will aid in impressing upon 
the mind the origin, expansion, and termination of the organic beings that 
have lived on the globe. In order to make it more impressive, it ought to be 
more extensive. 

Inf, 9. It appears that amidst all the diversities of organio 
life tiiat have existed on the globe, the same general system has 
always prevailed. 

Illus. 1. All the leading forms of organization that now 
exist on the globe, have existed from the beginning: for in- 
stance, all the four great classes of animals, the Mammiferous, 
Molluscous, Articulated, and Radiiited, and the two great classes 
of plants, the Yasculares and the Cellulares. The relative 
number of species, however, in these different classes has varied 
very much at difiTerent periods. 2. Carnivorous races have 
always existed to keep down the excessive multiplication of the 
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Iierbivoious races. TKus, wken tlie sauroid fishes of tlie earliest 
rocks disappeared, their place was supplied in the more recent 
secondary strata, by the voracious marine saurians : and when 
these became extinct, sharks and other predaceous nshes, more 
like those now existing, made their appearance. So among the 
molluscs. During the deposition of all the secondary rocks, 
carnivorous cephalopods abounded ; such as the nautilus, am- 
monite, &c. : but in the tertiary strata, and in our present seas, 
these are rare, and their place is taken by carnivorous trache- 
lipods, which were not common at an earlier date. Buckland^s 
Sridgewaier Treatise^ Vol. 1. p. 298. 3. From the eyes of 
trilobites and the orbits of other animals found in the rocks, we 
learn that the same relations of animals to light always existed 
as at present. 

Inf. 10. It does not appear that any of the ancient forms 
of animal or vegetable life can be properly regarded as mon- 
strous: or, when compared with the proper standard, even 
heteroclitic. 

Proof, When compared with existing races, they sometimes 
seem monsters in size, and anomalies in character. But their 
great size resulted from a climate better adapted, than that now 
upon the globe, for the developement of organic life ; and their 
peculiar construction adapted them most admirably for the pe- 
culiar situation which they occupied. So that what seems 
heteroclitic at this day, was exact and harmonious adaptation 
then. 

Inf. 1 1. The whole period occupied in the deposition of the 
fossiliferous rocks must have been immensely long. 

Proof. 1, There must have been time enough for water to 
make depositions more than 20 miles in thickness, by materials 
worn from previous rocks, and more or less comminuted. 2. 
Time enough, also, to allow of hundreds of changes in the ma- 
terials deposited : such changes as now require a long period 
for the production of one of them. 3. Time enough to allow 
of the growth and dissolution of animals and plants, often of 
microscopic littleness, sufficient to constitute almost entire 
mountains by their remains. 4. Time enough to produce by 
an extremely slow change of climate, the destruction of several 
nearly entire groups of organic beings. For although sudden 
catastrophes may have sometimes been the immediate cause of 
their extinction, there is reason to believe that those catastro- 
phes did not usually happen, till such a change had taken place 
m the physical condition of the globe, as to render it no longer 
a comfortable habitation for beings of their organization. 5. 
We must judge of the time requisite for these deposits by simi* 

14* 
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lar operatioiis now in promss ; and these are in general ez<- 
txemely slow. The lakes of Scotland, for instance, do not shcnd 
at the rate of more than 6 inches in a centnry. Maceulloel^s 
Geology J Vol 1. p. 507. See also a fiill view of the arguments 
oil this subject in Dr. J. Pye Smithes Lectures on Scripture and 
Geology^ p, 394. Second London Edition, 1840. 

Obi. 1. The npid manner in which lome depoiits are formed at the pre- 
sent day: ex. gr. in the lake of Geneva; where, within the last 800 years, 
the Rhone has fi>rmed a delta two miles long and 600 &et in thickness. 
LyeWs Prin. Qeot, Vol. 1. p. 423. 

Ans, Such examples are merely exceptions to the ffen^rsl Uw, thai riven, 
lakes, and the ocean, are filHng up with extreme slowness. Hence such 
cases show only that in ancient times, rocks might have been deposited oyer 
limited areas, in a rapid manner ; but they do not show that such was gener- 
ally the case. 

Obj. 3. Larae trunks of trees, from 20 to 60 feet long, have sometimes 
been found in the rocks, penetrating the strata perpendicularly, or obliquely; 
and standing ap^rently where they originally grew. Now we know that 
wood cannot resist decomposition ror a great length of time, and therefore, 
the strata around these trunks must have accumulated very rajMdly ; and 
hence the strata generally may have been rapidly formed. 

Am, Admitting that the strata enclosing these trunks were rapidly de- 
posited, it might have been only such a case as is described in the first ob- 
jection. But sometimes these trunks may have been drifted into a lake or 
pond, where a deep deposit of mud had been slowly accumulatingr, which 
remained so soft, tnat tne heaviest part of the tninks, that is, their lower 
extremity, sunk to the bottom by their gravity, and thus brought the trunks 
into an erect position. Or suppose a forest of trees sunk by some convul- 
sion, in the manner described Dy Rev. Mr. Parker in the Columbia River: 
(See Section YIII.) Exploring Tbur beyoTid the Rocky MourUains^ p. 132. 
Jirst Ed. how rapidly might deposits be accumulated around them, were the 
river a turbulent one, prc^eedin^ from a mountainous region. 

Obj. 3. The vast accumulations that have been made of the shields of 
animalcula since the commencement of the historic period, show that similar 
deposits of other animal remains mi^t have been made of much greater 
thickness in ancient times, in a comparatively short period. 

Ans. If it can be shown that the larger animals, like those found fossil, 
have a power of increase that will compare at all with the astonishing multi- 
plication of animalcula, the objection will be valid : but not till then : and 
this ean never be shown. 

Obj. 4. All the causes producing rocks may have operated in ancient 
times with vastly more intensity than at present. 

Ans. This, if admitted, might explain the mere accumulation of materials 
to form rocksr- But it would not account for the vast number of changes 
which todk place in their mineral and organic characters ; which could have 
taken place, without a miracle, only daring vast periods of time. 

Obj. 5. The fossiliferous rocks might have been created, just as we now 
find them, by the fiat of the Almighty, in a moment of time. 

Ans. The possibility of such an event is admitted : but the probability is 
denied. If we admit that organic remains, firom the unchanged elephants 
and rhinoceros of Siberia, to the perfectly petrified trilobites and terebrati^lf 
of the transition strata, were never livmg animals, we give up the whole 

Sound work of analogical reasoning ; and the whole of physical science 
Is to the ground. But it is useless formally-to reply to an objection which 
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would never be advanced by any man, who had ever examined even a cabi- 
net collection of organic remains. 

Inf. 12. There is leason io suppose that immense numbers 
of the softer species of animals, wmch have no solid parts, may 
have lived and died, during the deposition of the older fossili- 
ferous rocks, without leaving in the rocks a vestige of their 
existence. 

Proof, * Limestone, (that is the carbonate of lime,) being then 
less common than at a later period, it is probable that ftniipi^Ttp 
not needing it to form a covering or a skeleton, would have 
been created ; since we find that in all periods living beings 
had natures exactly adapted to their condition. Again, we find 
many of the older secondary limestones highly bituminous : and 
the decomposition of soft and gelatinous animals would have 
produced a large amount of bitumen. De la BtcMs Manual^ 
f. 476. 

Inf 13. The greater part of the accessible crust of the globe 
may once have constituted portions of the animal frame. 

Proof In respect to limestone, which has been thought to 
constitute about one seventh of the earth's crust, the presump- 
tion in favor of its animal origin, seems quite probable : that is, 
animals have the power of separating lime from its other com- 
binations and converting it into the carbonate. Macculloch! s 
Syst GeoL Vol. 1. p. 219. LyelVsPrln, Geol Vol. 3. p. 401. 
The recent discoveries of Ehrenberg, respecting fossil animal- 
cula, already detailed, make it probable that a large amount of 
silica and oxide of iron may have thus originated. At a late 
meeting of the British Association, for the Advancement of 
Science, this naturalist exhibited " a large glass full of artificial 
siliceous eartV which he had prepared from existing infusoria; 
and he says that ^'pounds and tons of. this earth may be easily 
prepared." Am. Jour. Sci Vol. 35. p. 372. I am not prepared, 
however, to go so far on this subject, as a recent able and 
elegant writer, who says, that " probably there is not an atom 
of the solid materials of the globe, which has not passed through 
the complex and wonderful laboratory of life." MantelVs 
Wond. Geol. Vol 2. p. 670. 

Inf. 14. It appears that every successive general change, 
that has taken place on the earth's surface, has been an improve- 
ment of its condition. 

Proof Animals and plants of a higher organization have 
been multiplied with every change, until at last the earth was 
prepared for the existing races ; the most generally perfect of 
all, with man at their head. 
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SECTION VI. 

OPERATION OF AQITEOXTS AND ATMOSPERIC AGENCIES IN 
PRODTJCINO GEOLOGICAL CHANGES. 

Priji. The basis of nearly all correct reasoning in geology, 
is tlie analogy between the phenomena of nature in all perioaa 
of the world's history : in other words, similar effects are sup- 
posed to be the result of similar causes at all times. 

Illus. and Proof. This principle is founded on a belief in 
the constancy of nature : or that natural operations are the re- 
suit of only one general system, wh,ich is regulated by invariable 
laws. Every other branch of physical science, equally with 
geology, depends upon this principle : and if it be given up, all 
reasoning in respect to past natural phenomena, is at end. 

Bsm. It does not follow from this principle that the causes of geological 
change have always operated with equal intensity, nor with entire uniformity. 
How great has been the irregularity of their action, is a subject of debate 
among geologUts. 

Inf. We see from the preceding principle, how important it 
is to ascertain the true dynamics of existing causes of geological 
change : that is, the amount of change which they are now 
producing. For until this is done, we cannot determine whether 
these causes are sufficient to account for all the changes which 
the earth has undergone. 

Rem. Heat, cold, and water in its manifold states, Kqnid, solid and 
vaporous, so often act conjointly upon rocks, that their separate agency can* 
not be pointed out. But the results of their combined action are numerous. 

% Glaciers, Avalanches, Icebergs, and Landslips. 

Descr. Glaciers are masses of ice which are enclosed in Al- 
pine valleys, or are suspended upon the flanks of the mountains 
which rise into the regions of eternal frost. Being of a white 
color, they appear at a distance like vast streams of snow issu- 
ing from lofty summits, and extending into the lower valleys. 
In the Alps, where the large glaciers have received distinct 
names, as Bossons, Montanvert, Aletsch, Viesch, &c., they ter- 
minate sometimes as high as 7000 or 8000 feet ; but some de- 
scend to 3000 feet. They are sometimes three miles wide and 
fifteen miles long : and tneir thickness at the lower end varies 
from 80 to 100 feet, and at the upper end, from 120 Ho 180 feet. 
Etudes sur les Glaciers par Agassiz, Nenchaiel^ 1840. From 
this most interesting work, I derive nearly all the statements 
that follow respecting glaciers. 

Descr. Glaciers are composed of snow that has been more 
or less melted and again frozen. The lower part becomes pure 
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solid ice : the upper part is eomposed of a sort of granular snow, 
called in Frencn, neve, and in Grerman, firiu A new layer is 
added at least each year, so that the mass is stratified. The up- 
per surface is rough and sometimes covered by pointed masses 
of ice, called Aiguilles or Needles. Fissures across the glacier, 
20 or 30, and sometimes even 100 feet wide, are very t^wimon, 
produced by the unequal temperature of different parts of the 
mass. The slope of glaciers is freauently quite moderate. The 
lower end of the glacier of Aar, wnich is 15 miles long, is 3000 
feet below the upper end. The slope of that of Aletsch, is 2^ 
58 : that of the mer de glace of Chaumoni, is 3^ 15. 

Descr. The crests and higher parts of the Alps, which are 
frequently vast plateaux, or table land, containing 100, 200, or 
even 300 square miles, are covered with thick continuous masses 
of ice, through which the lofty peaks sometimes rise as volcanic 
mountains from the ocean. These plateaux are denominated 
Mers de Glace, or seas of ice : and from them the glaciers 
originate. The mers de glace by expansion, send down the 
sides of the mountain, especially through the valleys, enormous 
streams df ice, which continue to descend until they are melted. 
The common opinion that the elaciers slide down the moun- 
tains by their weight, is found to be incorrect ; as they are not 
detached from the mer de glace ; and it is only the lower part, 
where the ground is thawed beneath, that slides over the sur- 
face, and that by the expansion of the ice. In the winter they 
do not slide at all on their bottom. 

IUm, To give a more accurate idea of glaciers, I have reduced a few 
of the splenmd drawings of the Etudes swr les Glaciers^ and had them 
executed' on wood. They have heen so well executed hj the artist, as 
to give almost as good an idea of the phenomena of glaciers, as the 
originals. Fig. 88, is a view of the upper part of the glacier of Yiesch, as it 
pn^eeds from the distant iner de glace^ and winds through the long valley. 

Descr. When the slope down which the glacier descends is 
very steep, or it is crowded to the edge. of a precipice, huge 
masses sometimes are broken off by gravity, and tumbling down 
the mountain, produce great havoc. In the Alps these are 
called avalaitches ; and so large are they sometimes, that from 
one to five villages, with thousands of inhabitants, have been 
destroyed in a moment. 

Descr. Landslips are a somewhat similar occurrence, happening in 
countries where perpetual frost does not exist. They frequently occur in 
the spring, when the frost leaves the soil, and the great weight of snow and 
ice drags along with it trees, soil and rocks, down the mountain's side. 
Sometioaes these slides take place in the summer, after powerful rains ; as 
that in the white Mountains in 1826, by which a family were destroyed. 
Marks of ancient slid^ are visible on the sides of the Hopper on Saddle 
Mountain in Massachasett9. 
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Descr. When avalanches occur on the steep shores of the 
ocean in high latitudes, the mass of ice, loadea perhaps with 
detritus, is precipitated into the sea and constitutes an iceberg. 
These icebergs are drifted often to a great distance by oceanic 
currents. Those from the northern ocean are seen as far south 
as 40° N. latitude. They are sometimes a mile in diameter, 
and rise 250 or 300 feet above the surface, and consequently 
must sink more than 2000 feet below; as every cubic foot 
above, implies 8 cubic feet below the surface. They were 
exceedingly numerous and large in the Atlantic Ocean in W. 
longitude about 50, reaching probably from N. latitude 40° to 
43 ° in the spring of 1841. N. York Mercury^ June 10, 1841. 
Cd)pt, Hosken!s Statement. 

Plus. Fig. 90, showg the lower extremity of the glacier of Aletach in 
the Alps, where it enters the lake of Aletscb^ which it formerly caused to 
overflow with great devastation. Masses of ice are frequently broken off 
and float about in the lake, as shown in the figure. This is one of the 
largest glaciers in the Alps. 

Descr. As glaciers advance by expansidh, they break off 
masses of rock from the sides and bottoms of the valleys, and 
crowd along whatever is movable, so as to form large accumu- 
lations of detritus in front and aloiie their sides. Whea the 
glacier melts away, these ridges remain, and are called moraines^ 
Agassiz describes three kinds : 1. The termifial moraine, or that 
at the extremity of the glacier : 2. Lateral moraines, or those 
ridges of detritus formed along the flanks of the glacier. They 
are thickest at their lower part, and decrease upwards. 3. 
Medial moraines, or those longitudinal trains of blocks which 
sometimes accumulate upon the top of the glacier, especially 
where glaciers unite from two valleys, and crowd the detritus 
between them upon their tops. The moraines are sometimes 30 
or 40 feet high. 

Descr. At the lower extremity of the glacier, there is a 
vault from which issues, especially in the summer, a stream of 
water, which iramifies upward beneath the ice like rivers ia 
general. This stream, continuing from generation to genera- 
tion, wears out a channel in the rocks as it descends frpm the 
glacier. 

JUvs. Fig. 69, shows the lower extremity of the glacier of Viesch, with 
a distinct terminal moraine, wliich, at the sides, is connected with lateral 
moraines. A stream of water is seen i suing f^om the glacier, which has 
worn a channel in the rocks. On Fig. 88, are shown both lateral and me-> 
dial moraines : the latter considerably scattered. 

Descr. The progress of glaciers down their slope by expan- 
sion, varies with their situation and the temperature and hygro- 
metric state of the season i for they move only in the summer. 
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In a single case the advance was 4400 feet in nine yean. Some- 
times they advanced lower and-Iower for several years in con- 
sequence of the low t«mpeiature, and then they retieat by being 
melted and evaporated when the seasons are watroei. But 
these changes have no re^lar period, nor are they dependent 
upon any general changes in the temperature of the globe. As 
the glaciers advance and retreat they produce aiid leave succes- 
sive moraines, especially terminal ones. 

Hina. Wsler in fremioe enUrg™ ibout one n[n(h of its Volume. Tur- 
ner's Chimisiry, p. 19. Fiflk Amencan F.ditioa. 

Descr. Although the inferior surface of the glacier is pure 
smooth ice, yet it is usually thickly set with fragments of rock, 
pebbles and coarse sand, firmly frozen into it, which make it a 
nuge fasp; end when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
. and scratch the solid rocks ; or when the materials in the ice 
are very line, they smooth and even polish the surface beneath. 
The movable materials beneath the ice are crushed and rounded, 
and often worn into sand or mud. ' The rocks in place, against 
which the glacier presses, are also smoothed and striated upon 
their sides. These stri*, wherever found, are perfectly parallel 
to one another, becftuse the materials producing them are fixed 
in the bottom of the ice. But as the glacier advances and re- 
treats, new sets of scratches will be produced, which sometimes 
cross those previously made, at a small angle. 

lUvs. Fig. 91, shows > ipeciiopn of schistose aerpcntine tmnothed uiil 
■crnlched beneMb a glacier in the Alps. 

Pig, 91. 
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Fig. 92. 



Deter. When the leclgea beneath the glacierB are nneven, 
and exhibit many angular projectiona, the ancles ave worn off 
and the surfaces assume that peculiar roanded and undulating 
appearance denominated by SatiBsure, rocku moutojinees ; some 
imperfect examples of which are shown on Figs. 88 and 89, 
where a considerable surface near the lower left hand corner of 
the drawing, shows the effect of former glaciers. 

DescT. CnrrentE of water sometimes conspire with the more* 
ments of the glacier, and form grooves or troughs of consider 
■ able depth and width on the top of precipitous rocks, to which 
- currents of water could have no access were not the space around 
them filled with ice. Such furrows are called in Switzerland, 
lapiaz, or lapiz. 

Rem. The phenomens of gliders form a new and imporlanl element in 
geolagical reasoning. Tbe application of the details that have been giieu 
will M leen when we come to the Bubject of diluvium or driA in the lait put 
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Degradation of Rocks a/nd SoU by Frost and Rains. 

Descr» Water acts upon rocks and soils both chemically and 
mechanically : chemically, it dissolves some of the substances 
which they contain, and thus renders the mass loose and porous : 
mechanically, it gets between the particles and forces them 
asunder; so that they are more easily worn away when a cur- 
rent passes over them. Congelation still more edectually sepa- 
rates the fragments and grains, and thus renders it easy lor 
rains and gravity to remove them to a lower level. In a smgla 
yeax the influence of these causes may be feeble : but as the^p 
are repeated from year to year, they become in fact some of th« 
most powerful agencies in operation to level the surface of coiv 
tinents. 

Detritus or Debris of Ledges. 

Desi^r. It is chiefly by the action of frost and gravity, tha\ 
those extensive accumulations of angiilar fragments of rockk 
are made, that often form a talus^ or slope, at the foot of naked 
ledges, and even hieh up their faces. In some cases, thougk 
not generally, this detritus has reached the top of the ledge^ 
and no farther additions are made to the broken spoils, which 
usually slope at an angle not far from 40^. Examples of thik 
detritus are usually most striking along the mural faces of trap 
rocks ; as for instance in the valley of Connecticut river ib 
New England. 

Inf. From thesd facts it appears that the earth cannot have 
existed in its present state an immense period of time : other* 
wise the^e slopes of debris would in every instance have ex- 
tended to the top of the ledge : that is, the work of degradation 
would have been finished. We cannot, indeed, determihe from 
this geological chronometer, the chronological epoch when this 
work of degradation commenced : but we are at least made sure, 
that the present state of the earth had a beginning. 

Rivers* 

Descr, Rivers produce geological changes in four modes : 
1. By excavating some parts of their beds. 2. By filling up 
other parts. 3. By forming deposits along their banks. 4 By 
forming deposits, called deltas, at their mouths. 

Exam. Most of the larger rivers, especially where they flow through a 
level country, are filling up their channels : but where smaller streams pass 
through a mountainous region, the power of excavation is still gmnv on : 
and it is ac<;ompIished in a good measureby means of ice freskets. It is im- 
possible for one who has not witnessed the. breaking up ef one of these 
streams in the spring, when for many miles the whole channel becomes 
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literally choked with ice, to form an adequate idea of the immense excaTar- 
ting force which it e^^erts. 

Descr. The deposit formed m the lake of Geneva by the 
waters of the Rhone, has been already mentioned. Another 
is formed at the mouth of this river, on the shores of the Medi- 
terranean, and is said to be mostly solid calcareous and even 
crystalline rock. LyelVs Prin, GeoL Vol. 1. p, 433. The 
delta of the Mississippi has advanced several leagues since New 
Orleans was built. The delta of the Ganges commences 220 
miles from the sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the yeai^ 1243 the delt^ of the Nile has advanced 
a mile at Damietta ; and the same at Foah since the 15th cen< 
tury. In 2000 years the gain of the land. at the mouth of the 
Po, has been 18 miles, for 100 miles along the coast. The 
delta of the Niger extends into the interior 170 miles, and 
along the coast 300 miles, so as to form an area o£^ 25. 000 
square miles. 

Descr. An immense alluvial deposit is forming at the mouth 
of the river Amazon and Oronoco ; most of which is swept 
northerly by the Gulf Stream. The waters of the Amazon are 
not entirely mixed with those of the ocean at the distance of 
300 miles from the coast. The quantity of sediment annually 
brought down by the Ganges, amounts to 6.368.077.440 tons ; 
or 60 times more than the weight of the great pyramid in Egypt. 
The quantity of matter chemically and mechanically suspended 
in the waters of Merrimac river, that run past the city of 
Lowell in Massachusetts, in 1838, according to the very, accu- 
rate experiments of Dr. Samuel L. Dana, amounted to 1.678. 
343.8 10, pounds avoirdupois. The annual amount of anthracite 
coal used in the Merrimac Print Works in Lowell, is 5000 
tons: and Dr. Dana estimates, that if the above amount of sedi- 
ment were coal, it would supply those works 167 years. The 
quantity of water discharged by the Merrimac in 1838, was, 
219.598.840.800. cubic feet. 

Inf. 1. The extensive deposits thus foiming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers in general have not excavated their own 
beds : but run in valleys formed for the most part by other 
causes. ^ 

Proof. I. In a majority of instances they are filling up 
their beds. 2. Transverse valleys frequently cross the course of 
rivers in such a way, that the water must have originally passed 
through them instead of excavating their present channels. 

15* 
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WniA. Fig. 94. shows Connecticut Ri^er, crossing Massachusetts and 
Connecticut, and emptying into Long Island Soand. If it had been 
left at first to find its own way to the ocean, and the passage between Holy- 
oke and Tom (which are in fact but one ridge,) had not been formed, it must 
have passed through the valley A, to the sound : since no part of that val- 
ley, (through which the Farmington canal passes,) is more than 134 ftet 
above the present bed of the river, where it runs between Holyoke and Tom. 
Or if the bed of the river had not existed through the mountains below 
Middletown in Connecticut, the river, instead of forming it, would have 
passed to the Sound through the valley B, through which the Hartford and 
New Plaven Rail Road now runs, and no part of which can be more than 
20 or 30 feet above the present level of the river at Hartford. 

Descr. Terraced valleys, (of one of which a cross section is 
given in Fie. 93, at A,) sometimes exist in alluvial or tertiary 
regions, with the terraces on each side of equid hei^t : and 
these appear to have heen formed by the excavating operations 
of the rivers themselves. 

Mode of Formation. Some suppose them formed by the sudden and 
successive bursting away of the barriers by which the river has been re- 
strained. But it is wholly unnecessary to suppose any such bursting of 
barriers. The slow and uniform operation of the stream upon alluvial soil, 
will explain all the phenomena. But the explanation cannot be given here 
for want of room. It will be found, in my PiTud Report on the Geology of 
Massachusetts^ Vol, 2. p. 332.. 

Dr. Buckland has recently suggested that these parallel terraces in Scot- 
land are probably " the effects of lakes produced by glacial action. Proceeds 
ings of Vifi Geological Sodely^ Nov. 18th, 1840, p. 333. 
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Other Valleys. 

Descr. The terraced valleys ahove described are denomina- 
ted valleys of denudation, when produced by the denuding 
force of water : and numerous valleys of other shapes, having 
been formed in the same manner, are thus called. Indeed, 
scarcely a valley exists that has not been more or less modified 
by this cause. But the greater part of the larger valleys that 
furrow the earth's surface, had a different origin ; viz. the ele- 
vations, fractures, and dislocations which the strata have ex- 
perienced. 
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it6 TALtS OF NIAGARA. 

Ti'oof, The phenomena of longitadinsl and tranBrene Taileya prove thai 
all of them cannot have heen the result of running water. In Fig. 94^ 
which is a sketch of the valley of Connecticut river, with a portion of the 
mountainous legion on hoth sides, it will be seen that the general direction 
of the mountain ridges, and of course of the valleys, \& nearly north and 
south. Nevertheless, it will be seen that the tributaries of the Connecticut, 
Farmington, Agawam, and Deerfield rivers, and also the Connecticut itself 
pass across these ridges and longitudinal valleys, in transverse valleys, which 
must be deeper than the others, else the water would flow out laterally into 
the longituainal valleys. Now it is obvious that both sets of these valleys 
could not have been excavated by water. For if the longitudinal vallev« 
were thus formed, how could the water afterwards be raised to the, requisite 
level, fi>r cutting valleys through the longitudinal ridges 1 We must there- 
fore, suppose that one and often both of these sets of valleys originated in 
the fractures and foldings of the strata at the time of thar elevation ; and 
that water has only rounded their outlines and covered their inequalities with 
detritus. 

"Dtf, When a valley is produced by the sinking of the strata ; 
or which is the same thing, by their elevation along two parallel 
anticlinal lines, it forms, what is called a valley of subsidence, as 
B. Fig.' 93. When bv the elevation of the strata they are made 
to separate at their bigbest point, a valley is produced, called a 
valley of elevation ; as C. When a fracture has taken place in 
the strata, so as to leave the sides very steep and the valley 
narrow, a ravine is produced ; as at D. In such a case the 
lower part of the fissures is usually filled up with detritus. 

Prin, In some instances it is very difficult to deeide, whether 
a particular gorge or ravine has been excavated by existing 
streams or by earlier agency, or was in part formed by some 
original dislocation of the strata, or by all these causes combined. 

Exam. The deep ravine, seven miles lon^, between the falls of Niagara 
and Lake Ontario, has occasioned much discussion among geologists, re- 
specting its origin. The falls are about HK) feet in height ; and 670.000 tons 
of water are precipitated over them every minute. The upper stratum of 
rock is limestone ; beneath which is shale, which wears away faster than 
the limestone, so as to cause the latter occasionally to break off in large 
masses ; and the falls have been said in this way to recede 50 yards in 40 
years. At this rate it would have required 10,000 years for them to have 
reached their present situation, if they commenced at Lake Ontario; and 
30.000 years longer will be necessary to reach Lake Erie. But the rate of 
retrocession is yet unsettled ; and probably it would be very different at dif« 
ferent periods ; and besides, the suggestion of Prof. Rogers {Am. Jinirnal of 
Science, Vol. 27, p. 326.) that diluvial action may have commenced the ex- 
cavating process, has no little plausibility : so that the time already occupied 
in forming this ravine, and the time requisite to carry it to Ontario, must be 
rej^rded as determined only conjecturally. The geologist, however, who 
witnesses the extensive excavations made by other streams in our country in 
the solid rocks, will not be disposed to reject the above calculations sinifly 
becaast they require vast periods of time. 
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Bursting of Lakes. 

Descr: A few examples have occurred in wliicli a lake, or a 
lar^ body of water long confined, has broken through its barrier 
and inundated the adjacent country. An interesting example 
of this kind occurred in the town of Glover in Vermont ; in 
which two lakes, one of them a mile and a half long and three 
fourths of a mile wide, and in some places 150 feet deep ; a^d 
the ot^er, three fourths of a mile lone, and half a mile wide, 
were let out by human labor, and being drained in a few minutes, 
the waters urged their way down the channel of Barton river, 
at least 20 miles' to Lake Memphramagog, mostly through a 
forest, cutting a ravine from 20 to 40 rods wide, and from 50 
to 60 feet deep ; inundating the low lands, and depositing there- 
on vast quantities of timoer. American Journal of Science^ 
Vol. II. p. 39. In 1818, the waters of the Ihranse in Switzer- 
land, having been long obstructed by ice, burst their barrier 
and produced still greater desolation, because the country was 
more thickly settled than the borders of the lakes above named. 
De la BeMs Manual^ ^.56. 

Rem. It has been supposed, that should the falls of Niagara ever recede 
to lake Erie, a terrible inundation of Ihe region- eastward would be the result: 
but De la Beche has proved satisfactorily, that the only effect would be a 
gradual draining of lake Erie, with only a slight increase of Niagara nyer. 
neoreUcal Geology ^ p. 154» 

Agency of the Ocean, 

Descr, The ocean produces geological changes in three 
modes: 1. By its waves: 2. By its tides: 3> By its currents.- 
Their effect is twofold: 1. To wear away the land: 2. To accu- 
mulate detritus so as to form new land. 

Descr. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of rocks 
weighing from 10 to 30 tons, are torn from the ledges, aiid 
driven several rods inland, even up a surface sloping with a 
considerable dip towards the ocean. 

Exam. In the I3th centujy, a strait half as wide as the channel between 
England and France, was excavated in 100 years in the north part of Hol- 
land : but its width afterwards did not increase. The English (Jhannel also, 
has been supposed to have been formed in jl similar manner. In England, 
several villages have entirely disappeared by the encroachments of the sea. 
At Cape May, On the north side of Delaware Bay, the sea has advanced 
upon the land at the rate of about 9 feet in a year; and at Sullivan's Island,, 
near Charleston, S. Carolina, it advanced a miartcr of a mile in three years. 
But perhaps the coast of Nova Scotia and New England, exhibits the most 
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■trikiog eivn{de* or tDe ponerful wailins a^Ttej or llie waves, nboM Ibrca 
there i» often (remendous, eapeciallj during violtnl notlheusl slorme, IV Uert 
tin cout ii rocky, insuUUil ma^sci of tocki (in Scotlanil called Drmga,) u« 
talt on the )ho<rr, giving a wibl and fktumque eOccI to llic Kenerv, ss ia 
llie foliowing *ke(cb, Fig. 9S, which wu taken upon Jevell'e liianJ in 
CueoBay. 

Fig. 93. 



2>nm^ en Jactttt Ia!aml: Cata Bat/. 

Descr. It is dil!Kult to examine the coul of Nova Scotia and Nei* 
England ;— to witneM tbe great amount of naked batterBl tocks, and to 
Ma haibon and indentations chiefljr where tbe riicki are rather soft, whils 
tha capei and ialanda are chieflj of the hardeet varielin, — without being 
convinced that moat of the harbora and bay> have been ptodaced bj thii 
agency. In Boiton Harbor, the outer inlands are compoaeil of naked rock, 
•ad liiJthei within the harl«r, the outei borders of the jalanda are being 
■wept of their loow khI, Hen we >ee the steady progress of this encroftch- 
inKpiocess, 

t]g. 9G, aham the rocka and light hooaei (then la scarcely anything dt« 
lobe seen,) on the island near the extremity of Cape Ann, in Maasachusetis, 
which is neculiarlj eiposed to N, E. storms. 

Fill. 9'i "'!> SI"* "> ■>>" of »>« oppeara. 
Hatbot, aa it ia antercd Irom Ihs north-east. 

DeseT. When tlie rocks exposed to the waves are divided 
by fissures, running perpendicular to the coast, the mass b«- 
tireen two fissnies is sometimes removed hy the water, thus 
kaving a chasm, often several rods long and very deep, into 
which tha waves ni^h during a storm with great noise and vio- 
teuee. Bitch caverns have received in New England, the sin- 
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gaUr sppellation ot purgatories. Very good exunplM oecnr in 
tha vicinity of Newpott, Rhode Island. 

Rfm. Similu fia>ure< vilh Ihe sime nune occur in the interfor ; n in 
. SnttoD and Giett Btiriogton in Htnachmetti. 
Fig. 96. 



rnm'/y ijf Oipe Aam. 

Fig. 97. 



BeacKes of Shingle and Sand. 

Deter. The shingle, or perfectly water worn pehblea of a 
coaet, and sand, are Eometimes driven upon the share hy tha 
waves, «o as to form beaches ; and sometimBs even large bowl- 
dera are thue nrged intand by powerful Btorms, to as to lie in a 
TOW on the shore. In some cases of this sort, after the beaehei 
hnve been formed, the waves rather protect the coastthan en- 
croach upon it. 

Dunes or Dotmts. 

Ducr. The sand which is driven upon the shore by the 
mves as above described, is often carried so for inland a to tr> 
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boyond the reaeL of the returning wave ; and thus an accnmn* 
lation takes place, which is the origin of most of those moving 
sand hills, known by the name of dunes or downs. When the 
sand becomes dry, the sea breezes drive it farther and farther 
inward ; the land breezes not having equal power to force it 
back \ and at length it becomes a formidable enemy, by over- 
whelming fertile nelds, filling up rivers, and burying villages. 
Sometimes these dunes occur in the interior of a country. 

Exam, Every one is familiar with the history of these dunes in Egypt. 
The westerly win^s have brought in the sands from the Lybian desert, 
and all the west side of the Nile, with the exception of a few sheltered 
spots, has been converted into an arid waste. In Upper Egypt especially, 
tne remains of %pciept temples, palaces, cities, and villages, are numerou* 
among the drifting sands. In Europe, around the Bay of Biscay, i^ simi 
lar destructive process is going on. A great number of villages have been 
entirely destroyed ; and ' no less than ten are now imminently threatened 
by sand hills, which advance at the rate of 60 or even 72 feet annually. 
On the coast of Cornwall in England, similar effects have taken place. 
These dunes are also common on the coast of the United States, especially 
on Cape Cod in Massachusetts ; where strenuous efforts have been made to 
arrest their progress, and to prevent the destruction of villages and harbors 
that are threatened. 

Waves and Tides. 

Rem. 1. It has generally been stated that waves do not affect the hot 
torn of the ocean wnere the water is more than 20 feet deep. But the exact 
depth to which their disturbing influence extends, has not been accurately 

settled. 

Rem, 2.' It must he recollected in estimating the power of waves to 
remove rocks, that the weight of the latter in water is not much more than 
half their weight in air; and consequently that a much less force will re- 
move them. 

Descr, In lai^e inland hodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
scarcely perceptible; never exceeding a few inches; and in 
the open ocean they are very small ; not exceeding 2 or 3 feet : 
But m narrow bays, estuaries, and friths, favorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet; 
and in one instance even 60 or 70 feet on the European coasts, 
and in the Bay of Fundy, in Nova Scotia, 70 feet. In such 
cases especially where wind and tide conspire, the effect is 
considerable upon limited portions of coast, both in wearing 
away and filling up. De 2a J^echc's Manual^ p. 85.. LyeUs 
jprin. QeoU Yol, ?, p. 24, 

Oceania Currents. 

Descr, Oceanic currents are produced chiefly by winds. 
The most extensive current of this kind is the Gulf Stream. 
This flows out of the Indian Ocean, around the Cape of Good 
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Hope, passes nortliward along the coast of Africa iJb the equa- 
tor, thence across the Atlantic ; heing increased by the Trade 
winds: and impinging against Soutn America, it is turned 
northward, and continues along the coast of the United States 
even to the banks of Newfoundland ; from whence it turns east 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this current covers a space 2000 miles in length, and 350 
in breadth. Its velocity is very variable ; but may be stated 
as from one to three and even four miles per hour ; its mean 
rate being 1.5 mile. A current sets northward between America 
and Asia, through Behring's Straits, which passes around the 
northern extremity of America, and flows out into the Atlantic 
in two currents, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
miles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundland, where the velocity is two 
miles per hour: the other sets into the Atlantic between 
America and Europe. It is these two currents that convey ice- 
bergs as far south as the 40th degree of north latitude oefore 
they are melted. Among the Japanese Islands a current seta 
northeast, sometimes as strong as hve miles per hour. Another 
sets around Cape Horn from the Pacifit; into the Atlantic 
Ocean. A constant current sets into the Mediterranean through 
the straits of Gibraltar, at less than half a mile per hour. It 
has been conjectured, but not proved, that an under current sets 
outwards through the same strait, at the bottom of the ocean. 
Mr. Lyell also suggests that the constant evaporation going on 
in that sea, may so concentrate the waters hiding chloride of 
sodium in solution, that a deposit may now be forming at the 
bottom. But the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessar;^ 
to describe. They form,, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. De la Beckers Manual, ;?. 91. 

Descr, The ordinary velocity of the great oceanic currents 
is from one to three miles per hour : but when they are driven 
through narrow straits, especially with converging shores, and 
the tides conspire with the current, the velocity becomes much 
greater, rising to 8. 10, and even in one instance to 14 miles 
per hour. LyeUs Prin. Geol. Vol. 2. ;?. 29. 

Descr, The depth to which currents extend has not been 
accurately determined. Some limited experiments seem to in 
dicatethat thev may sometimes reach to the depth of nearly 

10 
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500 feet It ought to be remembered, however, that the friction 
of water against the bottom, greatly retards the lower portion 
of the current ; so that the actual denuding and transporting 
power in these currents is far less than the Telocity at tne sur- 
face would indicate. 

Descr, Alike uncertain are the data yet obtained, for de* 
termining what velocities of water at the bottom are requisite, 
for removing mud, sand, gravel, and bowlders. It has been 
stated, however, (and these are the best results yet obtained,) 
that 6 inches per second will raise fine sand on a horizontal sur- 
face, 8 inches, sand as coarse as linseed; 12 inches, fine gravel: 
24 inches per second will roll along rounded eravel an inch in 
diameter : and 36 inches wiU move angular fragments of the 
size of an egg. The velocity necessary for the removal of large 
bowlders has not been measured. A velocity of 6 feet per 
second would be 4 miles per hour : of 8 feet per second, 5.4 
miles per hour : of 12 feet per second, 8.2 miles per hour : of 
24 inches per second, 16.4 miles per hour : of 36 feet per second, 
24.6 miles per hour. Fine mud will remain suspended in water 
that has a very slight velocity, and often will not sink more 
than a foot in an hour ; so that before it reached the depth of 
500 feet, it might be transported by a current of 3 miles per 
hour, to the distance of 1500 miles. De La Beckys Theoretical 
G^ology^ p. 56, and 64. 

Inf. 1. It appears that most rivers, in some part of their 
course, especially when swollen by rains, possess velocity of 
current sufficient to remove sand and pebbles ; as do also some 
tidal currents around particular coasts: but large rivers and 
most oceanic currents' can remove only the finest ingredients ; 
and as to large bowlders, it would seem that only the most vio- 
lent waves and mountain streams can tear them up and roll 
them along. 

Inf. 2. Oceanic currents have the power greatly to modify 
the situation of the materials brought to the sea by rivers and 
tides, and to spread them over surfaces of great extent. 

Exam. The waters of the Amazon, still retaining fine sediment, are 
fbund on the surface of the ocean 300 miles from the coast, where thev are 
met by the Gulf stream, which runs there at the rate of 4 miles per hour. 
Thus are these waters carried northerly along the coast of Guiana, where an 
extensive deposit of mud has been formed, which extends an unknown dis- 
tance isito the ocean. In like manner, the muddy waters of the Oronoco 
and other rivers are swejpt northerly, and probably a deposit is going on alonff 
t2:s 7h?!* coMt of America as far north as the Gulf Stream ezten&. Lyeffi 
Pnn, Qeok Vol, 3. p, 11:8. 
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CHEMICAL DEPOSITES FEOtf WATEE. 

Calcareous T\ifa, or Travertin. 

Descr. In certain circumstances water hojfis in sohition Hl 
quantity of carbonate of lime, which is readily deposited when 
those circumstances change. The deposit is called travertin^ 
or calcareous tufa. 

Exam. At Clermont in France, a single thermal spring has deposited a 
mass of travertin 240 feet long, 16 feet high, and 12 feet wide. At San 
Vignone in Tuscany, a mass has been form^ upon the side of a hill*, half a 
mile long and of Various thickness, even up to 200 feet. At San Filippo, in 
the same country, a spring has deposited a mass 30 feet thick in 20 yean. 
And a mass is found there, 1.25 mile in length, one third of a mile wide, and 
in some places 250 feet thick. In the vicinity of Rome, some of the traver- 
tin can hardly be distinguished from statuary marble ; and that which is 
constantly forming near Tabreez in Persia, is a most beautiful variety of 
semi-transparent marble, or alabaster. At Tivoli in Italy, the beds are some- 
times from 400 to 900 feet thick, and the rock of a «pher<»dal stroctare. 
IjyeWs Pnn, Geol. Vol 1. p. 397. 

Marl. 

Descr. The only kind of marl now in the course of forma- 
tion/ is that deposited at the bottom of ponds, lakes, and salt 
water, known by the name of shell marl ; and which consists of 
carbonate of lime, clay, and peaty matter ; as has been described 
in a preceding section. The marls in the tertiary strata are 
frequently indurated, and go by the name of rock marl. Much 
of the marl used in Virginia, and other southern States, is com- 
posed mostly of fossil marine shells ; and this is a true shell 
marl. But that usually so called, contains only a small propor- 
tion of shells : the remainder being pulverulent carbonate of 
lime, except the clay and peaty matter, mixed with the car- 
bonate. These beds of marl often cover hundreds of acres, and 
are several feet thick. In Ireland they contain bones of a large 
extinct species of elk, as well as shells of Cypris, Lymnaa, Val- 
vata, Cyclasy Planorbis, Ancyclus, ^c. The marls of this 
country contain shells of Planorbis, Lymnaa, Cyclas, and other 
small freshwater molluscs. 

Rem. These alluvial deposits of marl have been generally supposed to 
be the result of the decomposition of the small shells which occur m them. 
But they seem to me only in part due to tfiis causd. Carbonate of lime |t is 
well known, is scarcely soluble in. pure water. But if the water contain 
carbonic acid, and carbonate of lime be diffused in it, the acid will render it 
soluble. Yet the excess of acid is easily expelled, and then the salt will be 
deposited *, as we know to be the case in many waters that are not thermal ; 
as at the mouths of several of the streams that empty into the Mediterranean. 
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Kor will thin deposit be neceMarily crystalline ; for it may be pulverulent 
Now the waters in limestone regions frequently contain carbonic acid. 
They also often contain carbonate of lime, in a state of suspension, which 
lU0 been worn from the rock. Hence the salt thus dissoNed will be very 
likely io be deposited, when the solution containing it forms ponds, whose 
stagnant waters are liable to chemical changes sufficient lor this purpose. Or 
if uiis be doubted, it is certainly very possible that the streams that empty 
into ponds, will carry thither minute particles of limestone, which have been 
worn from the rocks over which the waters have rassed ; and these will be 
deposited when the waters have become quiet. The largest part of these 
alluvial marls, that have come under my observation, appear to have been 
ibrraed in one of these modes, and not by the disintegration of the shells. 
These are generally in a sound state, when the marl is first dug, whereas if 
the powdered part originated from them, we ought to find them in fragments 
of every size. Henrys Chemistry ^ Vol. 2. p. 619, EleverUh Edition. 3%<m»- 
Jm'5 Iner^tmic Chemistry^ Vol. 2. p. 513. 



Silic^nu Sinter, 



Descr. Thermal waters alone can contain silica in solution 
to any important amount. The most noted of these are the 
Greysers in Iceland, where a siliceous deposit, about a mile in 
diameter, and 12 feet thick, occurs ; and those of the Azores, 
where elevations of siliceous matter are found 30 feet high* 
The stems and leaves of the frailest plants are converted into 
sinter or covered with it. -Thermal springs, also, not in volcanic 
regions, as on the Washita river in this country, and in India, 
deposit a copious sediment of silica, iron, and lime. 



Hydrate of Iron, or Bog Iron Ore* 

Deser. It is probable, as will be shown in a subsequent section, that the 
greater pirt of the ferruginous deposits so widely diffused, originate from the 
lossil shields of animalcula. Yet in some instances we have direct evidence 
that they are produced by the decomposition of iron pyrites : for where such 
idecomposition is going on, (as in the western part of Worcester County, in 
Massachusetts,) the rocks are coated over with the hydrate, and the sur- 
rounding soil deeply impregnated with it. Nor can there be any doubt but 
this iron would be oflen carried by water — although not directly soluble 
in it, — to the lowest places, and into ponds and rivers, so as to form deposits 
there. 

Rem, The hydrate of manganese is almost as widely diflused through 
the rocks as the hydrate of iron ; but its quantity is so small that it exerts 
but a slight influence in the production of geological changes, and will 
therefore be passed without particular description. The same remarks will 
apfrfy to sul|mate of lime, carbonate of magnesia, chloride of calcium, &c. 
which occur in almost all natural waters, and sometimes form deposits of 
•mall extent 



PETROLEUM, AlSPHALTUH, &>C, iB& 

'^^troleum, Aspkalium^ ^e, 

I/eser. 1 Ae great amount of bxtaminons mftcter with wliicli 
certain springs are impregnated, renders them deserying of 
notice as existing causes of geological change, capable of ex- 
plaining certain appearances in the older rocks ; many of which 
are highly bituminous. In the Burman Empire, a group of 
springs or wells at one locality, yielded annuaUy 400.000 hogs- 
heads of petroleum. It is found also in Persia, "Palestine, Italy, 
and the united States. In this country it has the name of 
Seneca Oil, from having been early observed on the surface of 
sprines at Seneca in N. York. It is thrown up in considerable 
abundance, also, at- the salt borings on the Kenhawa river in 
Ohio ; where a few years ago a large quantity of it, floating on 
the surface of a small stream, took fire, and the river for a naif 
a mile in extent appeared a sheet of flame. Am. Journal of 
SciencCj Vol. 24. p. 64. In Palestine the Dead Sea is called the 
lake Asphaltites, from the asphaltum which formerly abounded 
there. But the most remarkable locality of bituminous matter 
is the Pitch Lake in the island of Txinadad, in the West Indies. 
It is three miles in circumference, and of unknown thickness. 
It is sufficiently hard to sustain men and quadrupeds ; though 
at some seasons of the year it is soft Geological Transactions^ 
Vol. 1. ;?. 63. 

JRcm. Mineral pitch was a principal ingredient in the cement used 
in constructing tne ancient walls of Babylon, and of the temple in 
Jerusalem. It has lately been employed in a similar manner, and it 
is said very successfully, to form a composition for paving the streets of 
cities. 

Prin, The various bitumens are produced from vegetables, 
by the processes by which these are converted into coal in the 
earth. 

Inf. Hence the bitumens that rise to the surface of springs, 
or form inspissated masses on the earth's surface, or between 
the layers of rocks, are supposed to be produced from vegeta- 
ble matters buried in the earth ; and to be driven to the sur- 
face by internal heat ; and the fact that such deposits usually 
occur in the vicinity of active or extinct volcanos, gives proba- 
bility to this theory. 

Phenomena of Springs, 

Descr. Water is very unequally distributed among the dif- 
ferent strata ; some of them, as the argillaceous, being almost 
impervious to it ; and others, as the arenaceous, aamicimg it to 
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tM rBKKOKiKA or ■mmas. 

MtcolBtfl thiou^ Uiem with Eie&t facility. Hence wKen tha 
lornMT lie beneatli the latter in a nearly Lorizontal poaition, 
the lowei portiona of the latter will become reMrroirs of thii 
fluid. 

b^. Hence if a valley of denodation cuts throu^ theM 
"- TMiu and imperrioui atrata, we may expect springs along 
ir junction. 
JShi. If B, B. Fig. 96, ba the penlooi, atA C. C tb« impMrkma 
Mnran, ind A. the iillej of denuduiaii, we iiu>; eipact ipriop at 
E. E. 

Fig. 98. 



Dour. I If a &ioh occur in tbcM striOk, u tt D, whereby thti; kts 
■auk on the riEhl of D, and atill di^ lonnrdi L, the yitXei nilE be ueu- 
nmlaled al L, becMU« it cumot paaa mto C, and ■ spring ttaj be expected 
atL. 

Rrm. Sometime* the geotogiit cm dUcever the line of ■ fault by the 
oecBireBce of spriags, where nothiog else indicalei ite ezuteiiee at the 

Deser. Id many parts of the world, if the strata be pene- 
trated to a considerable depth by boring, water will rise, some- 
times with great force, to the surface, and continue to flow un- 
interruptedly. Such examples are called Arlesiati wells ; from 
having been first disDovered at Artoia, the ancient Arteslum. 

T^my. Tbe thwrj' of Iheee nctls U Bimple. In Fig. 31, (p. 4a) gap- 
poae the Ibmistion maiked bb the opper coals, and alio the millBlone grit lo 
M imperriout to water : while the lower coa! is pervioUB, or Iho waler beai> 
ag ilratHm. Now if eicaiatlonBbemade at B, or E, till the coal etrala are 
'eaehed, it ie obiioiu thai water will be forced to the eurface by hydrostatic 
preanire : became aolne part of (he water bearing Btratum ii higher than tha 
pointe B, and C. 

Inf. 1. If any water bearing Etratum. passing under a place 
where boring ia attempted, rises hieher at any point of its pro- 
longation than the surface where the boring is made, the water 
will me shore that surface : and it will fall as much helow 
&*t surface as is the level of the highest part of the pervious 
■batum. 
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Inf, 2. Hence borings of this sort may fail ; first, because 
no water bearing stratum is reached; and secondly, because 
that stratum does not rise high enough above the place to bring 
the water to the surface. 

Inf, 3. These explorations have proved that subterranean 
streams of water exist : some of which have a communication 
with water at the surface. 

Exam, At St. Ouen in France, at the depth of 150 feet, the borer sod- 
denly fell a foot, and a stream of water rushed ap. At Tours the water 
brought up from the depth of 374 feet, fine sand, vegetable matter, and 
fiheils of species living in the vicinity, Which must have been carried to that 
depth within a few months preceding. In Westphalia the water brought up 
several small fish, although no river existed at the surface within several 
leagues. The borings in the United States prove that cavities containing 
water exist even in granite. 

Depths of the Borings. In England, Artesian wells have been carried to 
the depth of 620 feet with success. In France, they have been sunk 800 
and even 1200 feet, and in one instance near Paris to 1800 feet before water 
was reached. In the United States, borings for salt water in the Western 
States^ have been carried as deep as 800 or 900 feet. In the cities of New 
York, Baltimore, Albany, and in various parts of New Jersey, &c. borings 
for fresh water have been carried,, and in most instances with success, to the 
depth of nearly 400 feet, though water has usually been obtained at a much 
hess depth. An excavation in the city of New York, 100 feet deep and 10 
feet diameter, yields 8000 gallons daily ; and that in Bleeker Street, 442 feet 
deep, yiekis 44.000 gallons daily. Am. Journal of Science^ Vols, XIL p. 136, 
and XXIllp. 9m. 

Rem. 1. Until recently these borings have been generally performed 
by means of a continuous iron rod, sharpened like a drill at the lower 
end. But a far more convenient and economical method, which has 
long been in use in China, has lately been adopted : viz. to use a heavy 
cyhnder of iron in the same manner, by means of a rope attached to its 
upper end; a borer with valves being connected with the lower end, for 
bringing up the comminuted materials. Buckkmd's Bridgewater Treatise^ 
Voll.p.bGS. 

Rem, 2. Thermal Springs will be considered under the eighth section. 

Salt and other Mineral Springs, 

Desor. All waters found naturally in the earth, contain more 
or less of saline matter : but unless its quantity is so great as to 
render them unfit for common domestic purposes, they are not 
called mineral waters. 

Descr* The ingredients found in mineral waters, are the 
sulphates of ammonia, soda, lime, magnesia, alumina, iron, zinc, 
and copper : the nitrates of potassa, lime and magnesia : the 
chlorides of potassium, sodium, barium, calcium, magnesium, 
iron, and manganese ; the muriate of ammonia ; the carbonates 
of potassa, soda, ammonia, lime, magnesia, alumina, and iron ; 
the silicate of iron ; silica, strontia, Hthia, iodine^ bromine, and 
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organic matter ; the phosphoric, fluorie, muriatic, sulphurous, 
sulphuric, boracic, formic, acetic, carbonic, crenic, and apocrenic 
acids ; also oxygen, nitrogen, hydrogen, sulphuretted hydrogen, 
and carbureted hydrogen. Ure^s C/iemical Dictionary^ Article, 
Water. See also Dr. Dauben^s admirable Report to the British 
Association^ on Mineral and Thermal Waters, 1837, p. 14. 

Theory. Many of the above ingredients are taken up into a 
tate of solution from the strata through which the water per- 
colates : others are produced by the chemical changes going on 
in the earth, by the aid of water and internal heat ; and others 
are evolred by the direct agency of volcanic heat 

Salt Springs, 

Descr, The most important mineral springs in an economi- 
cal point of view, are those which produce common salt. These 
are called salines, or rather such is the name of the region 
through which the springs issue. They occur in various parts 
of the world ; and the water is extensively evaporated to. obtain 
table salt. They contain also other salts ; nearly the same in 
fact, as the ocean. 

Exam. Some of these springs contain less, but usually they contain 
more salt, than the waters of the ocean. Some of the Cheshire springs in 
England yield 25 per cent.: whereas sea water rarely contains more than 4 
per cent. In the United States they contedn from 10 to 20 per cent. They 
are used in New York, Ohio, Virginia, Pennsylvania, Ilhnois, Michigan, 
Missouri, Arkansas, and Upper Canada. 450 gallons of the water at Boon't 
Lick in Missouri, yield a bushel of salt : 300 gallons at Conemaugh, Penn. : 
280 at Shawneetown, 111. : 120 at St. Catharine's, U. C. : 75 at Kenawha, 
Vir. : 80 at Grand River, Arkansas : 50 at Muskingum, Ohio: and 41 to 45 
at Onondaga, N. Y. : 350 gallons of sea water yield a bushel at Nantucket. 
In 1829, according to a Report of the Secretary of the Treasury, 3.804.229 
bushels of salt were made in the United States. Since that time the quan- 
tity has greatly increased. In 1841, no less than 3.340.769 bushels were 
made at the Onondaga Springs in New York alone ; and 3.000.000 bushels 
at the Kenawha Springs in Virginia, in 1835. In all these places deep 
borings are necessary, sometimes even as deep as 1000 feet : and usually the 
brine becomes stronger the deeper the excavation. Professor Beckys Geologi- 
cal R?vorf to the Asscrtibly of New York, 1838. S^e also Prof. W. B. Rogers^s 
Rf^port of the Geological, R^onnoissance of the State of Virginia, 1836. Dr. 
Hildreth^s first anmml Geological Report to the Lngis^iure of Ohio^ 1838 ,• 
Al$o his artide on the Geology of Ohio, Am. Journal Science, Vol. 29. Also 
Mr. JTosier^s Geologital Repartan OhiOj 1839.* and Dr. Houghton^ s Report on 
the Geology of Michigan, 1838. 

Origin of Salt Springs, In many parts of Europe salt springs are found 
rising directly from beds of rock salt ; so that their origin is certain : but as 
yet no deposits of rock salt have l3een discovered in this country east of the 
Rocky Mountains except in Virginia : and Mr. Eaton has suggested (iSrtr- 
vey of the Erie Canal Rocks, p. 110.) that the ingredients only for the forma- 
tion of the salt exist in the saliferous rock} and axe made to combine by 
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diemical agencies, so that the water peTcolating through the strata would he- 
come impregnated. An English writer {Ajmala of PkSosophy, 1^9,) supposes 
that the salt is intimately disseminated through the saliferous rock, having 
heen left there by the ocean that deposited the strata. Most American ge- 
ologists, however, still maintain that our salt springs proceed frOm beds of 
TOOK salt, deposited so deep in the earth that they have not yet heen dis- 
covered : and the fact that the brine increases in strength by descending, 
gives strong support to this theory, which is confirmed by the discovery of 
rock salt in Yirgmia. Prof. Beck's Report, 1838, p, 14. The springs in this 
country issue almost invariably from the Silurian rocks. 

Gas Springs, 

Descr. Carbonic acid and carbureted hydrogen are the most 
abundant gases given off by springs. They sometimes escape 
from the soil around the springs, over a considerable extent of 
surface, and produce geological changes of some importance. 
Carbonic acid, for example, has the power of dissolving calca* 
reous rocks, and of rendering oxide of iron soluble in water. It 
contributes powerfully also, to the decomposition of those rocks 
that contain felspar. Carbureted hydrogen is sometimes pro- 
duced so abundantly from springs, that it is employed, as at 
Fredonia in New York, in supplying a village with gas lights* 
In almost all the States west of New England, this gas rises 
from springs in greater or less abundance, generally trom salt 
springs. 

Origin of these gases. Some of these gases, as carbonic acid, are given, 
off most abundantly from springs in the vicinity of volcanos \ and in such a 
case there can be no question but they are produced b^ decompositions from 
volcanic heat. When they proceed from thermal springs, there is « good 
deal of reason lor believing that internal heat may have produced them. 
But where they rise from springs of the common temperature, they must 
generally be imputed to those cnemical decompositions and recompositions 
Uiat often occur in the earth without an elevated temperature. Although 
carbureted hydrogen may sometimes proceed from beds of coal, it may auo 
proceed from other fcmns of carbonaceous matter; as from bitumen dimemi- 
nated through the recks. 

GlaciihAqueott^ Agency between the Tertiary and Historic Pe- 
riods : formerly called Diluvial ActioTk 

Rem. That remarkable deposit occurring between the tertiaiy and allu- 
vial formations has generally been supposed to be the result of powerful 
currents of water, although the hypotheses founded upon this principle have 
been exceedingly unlike m their features. In the first edition of this work, 
I expressed the opinion that no theory hitherto proposed to explain the 
origin of this deposit, was satisfactory ; and that the time had not yet come 
for a complete theory on the sabjeet. But the glacier theory has recently 
been so iu)ly elucidated by Aeassiz, Buckland, Lyell, and others, that it 
seems tt least extremely probable, that all the phenomena of what has been 
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called dUuvial action, are (he result of the joint agency of ice and water. 
This is what is meant by the term, glado-aqweo^ts agency. In the sequel it 
will be fully explained. But in order to judge of the correctness of this view, 
the facts respecting drift should be first presented. Its lithological charac' 
ten have been already given. The remainder of the subject will embrace, 
1. its dispersion : .2. its effects upon the earth's surface : 3. the theory of its 
origin. 

1. Dispersion of Drift, 

Descr. Drift is distinguished from tertiary deposits by three 
marks : 1. The tertiary strata were deposited in limited troughs 
and basins, whereas drift is found over almost every part of 
the northern regions of the globe, and at almost every altitude 
attained by mountains : and it has, therefore, been the result 
of some very general cause. 2. Such are the situation of the 
principal part of drift, and its general unstratifiied character, 
that it could not have been deposited in its present situation by- 
water : and yet the sand and clay that constitute its upper por- 
tion, must have been deposited in quiet waters. 3. Drift is al- 
most destitute of organic remains of animals and plants that 
lived during the time of its production, w'hereas the reverse is 
the case with the tertiary strata. The upper and regular layers 
of drift are almost entirely destitute of organic remains. 4. 
When the tertiary strata were deposited, the climate of northern 
countries was warmer than at present ; but during the forma- 
tion of drift, it was colder. 

Descr. Drift is distinguished from alluvial deposits : 1. By 
its occurrence in situations where no agency at present in action 
could have produced it. 2. By requiring if not a different 
agency from any now in operation to produce drift, at least a 
greater intensity of action. 3. By the evidence of a great dif- 
ference of climate between the two periods. 

Descr, In the dispersion of drift we find the evidence of two 
distinct phases of action, which may however have been the re- 
sult of the same general cause, operating in different circum- 
stances. In the first case, the drift bas been carried outward 
from the summits and axes of particular mountains, and spread 
over the neighbouring plains. 

JSxam. 1. The best example of this mode of dispersion exists in the Alps. 
The Bowlders there have usually been carried down the valleys, and they 
exist in the greatest abundance opposite the lower opening of those valleys. 
This shows that the valleys existed when the dispersion to<3t place. Yet Elie 
de Beaumont seems to have shown that the Alps have experienced very 
great vertical movements since that period. 

Exam. 2. Several similar instances have recently been pointed out by Dr. 
Buckland and Mr. Lyell as existing among the mountains of Scotland and 
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the north of Englani!, whose details cannot here he griren. Proeeedmgs ef 
ike Ged. Soc. Land. No. 7*2, Nov. and Dec. 1840. 

Exam. 3. Rozet describes the plain of Metidja, south of Algiers, as cov- 
ered in its northern parts by bowlders derived from a long chain of hills run- 
ning along its northern border : while its southern part is strewed over by 
bowlders from the Atlas chain, which stretches along its southern border. 
T^aite Elementaire de Geologie^ p. 259. 

Descr. In tlie second case, the agency by which drift has 
been dispersed, has operated on a more extended scale, and 
driven it in a southerly direction over all the northern hemis- 
phere, often to a great distance. 

Proof. To begin with the American continent at the north- 
easterly point where observations to be depended upon have 
been mad« ; we find that the bowlders spread over the southern 
part of Nova Scotia were derived, according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province. Trans. Amer. Acad. Vol. 1. 
New Series^ p. 302. Through the whole extent of Maine, the 
evidence is very striking of the southerly transport of the drift,^ 
the course being usually a few degrees east of south. And 
transported bowlders are even found towards the summit *of 
Mount Katahdn, which is 5300 feet high. Dr. JacksorCs First 
and Second Reports on the Geology of Maine, 1837 and 1838. 
Also his Second Report on the Public JLands of Maine and MaS" 
sachuseitSf p, 16. 

Descr. In Massachusetts, the direction, taken by the drift, 
as shown by a multitude of examples, varied from north and 
soiith to northwest and southeast ; the most usual course being 
a few degrees east of south. This course carried the current 
very obliquely across most of the precipitous ridges of moun- 
tain's in the state ; nevertheless, the bowlders held on in the 
general direction with remarkable uniformity. The largest 
blocks usually lie nearest to the bed from which they were de- 
rived, and they continue to decrease in size and quantity, in a 
southeasterly direction, for the distance of several miles ; some- 
times as many as 50 or 60; and not unfrequently even 100 
miles, though usually the sea coast is reached short of that dis- 
tance. But often bowlders from the continent are common 
upon the islands many miles distant from the coast ; as on Nan- 
tucket, Martha's Vineyard, and Long Island. In the western 
Eart of Massachusetts the mountains are from 1000 to 3000 feet 
igh : yet vast quantities of bowlders have been carried over 
these precipitous ridges, and both slopes are covered with them : 
the largest being upon the northern side. Final report on the 
Geology of Massachusetts, p. 379 ; See also Plate 53 of thai 
vjork; where the cmtrse of the drift is marked^ Also America/n 
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Biblical RepositoTfj Vol 10. p. 338. On Lone Island tlie drift 
corresponds to the rocks on the continent : those of di£^rent 
kinds always lying south of the ledges from which they were 
derived. Prof. Mather's first annual Report on the first Geo- 
logical District of New YorJcy f. 88. 1837. In the eastern part 
of N. York, the course was southeasterly ; as in the western 
part of Massachusetts. But towards the western parts of the 
State, its general course appears sometimes to have been west 
of south. Mr. HalVs second annual Report on the Fourth Geo' 
logical District of New York, p. 308. In the southeasterly 
part of the state, bordering on Pennsylvania and New Jersey, 
its direction varied from south several degrees west, to soutn- 
east : and near the city of N. York the course was N. W. and 
S. E. American Journal of Science, Vol. 23. p, 243. And 
Vol. 16. p. 357. Also Prof Gale^s Report for 1839 upon the 
Geology of the First District. In the fossiliferous region of 
western New York, and in the states south of the western lakes, 
great numbers of bowlders of primitive rocks are strewed over 
the surface, significantly called lost rocks. These have been 
satisfactorily traced to the beds from which they were derived 
in the west part of Michigan and on the north side of the lakes 
in Upper Cfanada. See the papers of the Messrs. Lapham in 
Vol. 22, and of Dr. Hildreth in Vol. 29 of American Journal 
of Science. Also the Geological Reports on the state of Ohio 
and Michigan. Similar evidence of a southeasterly drift exists 
in Virginia. Prof W. Rpgers's Report on the Geological Re- 
connoissance of the State of Virginia^ p. 16. ^A.ccording to Dr. 
Drake, primitive pebbles occur on the right bank of the Missis- 
sippi as far south as Natchez. American Journal of Science^ 
Vol. 22, p. 209. 

Descr. According to Mr. Catlin, (American Jour, of Science^ 
Vol. 38, p. 143.) vast quantities of bowlders of primary rocks 
" are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow stone almost to the Gulf of Mexico," 
which have been drifted thither from the northwest. At the 
Red Pipe Stone quarry on the Coteau des Prairies, which is 
several hundred miles west of Lake Superior, he describes five 
granite bowlders, from 15 to 25 feet in diameter, which he sup- 
poses must have been drifted several hundred miles from the 
north. 

Descr. The distance to which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more than 100 to 200 miles : But in 
the western states they are strewed over a greater distance. I 
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am infonned bj tbe gentleman engaged in the gedogieal sur- 
reys of those states, that primary bowlders are rarely found 
south of the river Ohio ; bat they are strewed over almost 
^ery part of Ohio and Michigan. Now the primary rocks 
from which they have been derived, are found on the north side 
of the great lakes. This would make their longest transit be- 
tween 400 and 600 miles. 

Rem. It may possibly be found that some examples of the dispenton of 
drift in our country have been down the slopes of particular mountains, or 
that the general course has been ereatly deflected by the peculiar features of 
the surface. But this would not destroy the evidence, which is almost every- 
where so abundant, of a very wide and powerful force from the north over 
this continent. 

Descr. On the eastern continent the evidences of a southerly 
direction of the force seems to be decided : although from some 
of the highest mountains it was outward from the axis. In 
Great Britain the general course was a little east of south, modi- 
fied, however, and sometimes very much changed, by the shape 
of the mountains ; some of which, as the Penme chain, appear 
not to have been passed over by the bowlders, except at their 
lowest points. In the east part of Kngland, the drift appears 
to have been derived from Scotland, and also from Norway. 
De La BeMs Manual^ p. 189. Phillips^ s Geology^ p. 208. 
Also his Treatise on Geology ; Vol. 1. p, 274. On the con- 
tinent of Europe, the Netherlands, Denmark, the plains of the 
north of Germany, of Poland, and Russia, are strewed over with 
bowlders and pebbles, which can be traced to the parent rocks 
in Sweden, Lapland, and Finland ; in which countries they are 
yet more numerous upon the surface. In most cases these 
bowld^ must have crossed the Baltic. In Sweden the current 
fippears to have set S. S. W. The blocks decrease in size on 
^oing south, and finally at a great distance (more than 400 
miles, Greenougia s Geology^ p* 138.) they disappear. Tableau 
des Terrains par AL Brongniarl, p. 77. Traite Elementaire 
de Geologie par M. Rozet^ Tome, 1. p. 270. De La Beckers 
Manual, p. 189. 

Descr. An interesting example of the dispersion of bowlders 
in a southerly direction in Northern Syria, is given by Mr. 
Beadle, American Missionary in that country. On the coast, 60 
or 70 miles north of Beyroot, he " reached a volcanic region with 
a remarkable locality of greenstone. The pebbles from this lo- 
cality are scattered the whole distance to Beyroot. At that 
place they are quite small, but gradually increase in size as you 
advance to the north, and terminate entirely in this locality." 
Missionary Herald for May 1 84 1 , /?. 206. This is at important 

17 
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fact ; because it proves the occurrence of elacio-aqueous action 
on the Asiatic continent much farther south (about 32^ N. lat.) 
than had been before pointed out ; unless it be upon the Him' 
alayah Mountains. 

bescr. According to Mr. Darwin, the equatorial regions of 
South America exhibit but few marks of glacio-aqueous action, 
or rather they are destitute of bowlders. But beyond 41^ South 
latitude, they appear in Chili and Patagonia. Hence some 
geoloeists (Lyell and Darwin, see LyeUs Elements^) infer that 
tne phenomena of drift are limited to the colder regions of the 
globe. But De La Beche describes drift as abundant in Jamaica 
m the West Indies ; especially on the plain around ICingston ; 
and says that it appears to have been brought from the no;th. 
Geological Trans. Second Series^ Vol. 7. p. 182. A similar 
statement was made to me by the late Prof Hovey, who resided 
two years in the West Indies. Prof Struder states that in the 
hill country at the foot of the Himalayah mountains in India, 
erratic bowlders occur. American Journal of Science, Vol. 36. 
p. 330. We have also seen above, that similar phenomena oc- 
cur in Africa, near Mount Atlas, in N. latituae about 32^ : 
Probably therefore, the warmer regions of the' globe have not 
yet been examined extensively enough to determine how near 
the equator it occurs. 

2. Effects of Glacio-aquemis Action upon the Earth! s Surface. 

Descr. The crests and steep sides of high mountains and 
alluvial plains are nearly all the parts of the northern hemis- 
phere not covered with a coat of bowlders, gravel, and sand j 
whose thickness varies from a few inches, to 100 or 200 feet. 
Scarcely any mountains, indeed, except perhaps the Pyrenees, 
the Appenines, the Carpathians and the mountains of Bohemia 
{Trait e de Geologie par M, Rozetj p. 272, Tome 1.) are wanting 
in drift ; and sometimes very large blocks are poised upon their 
summits. 

Ancie^nt Moraines, 

Descr, The most abundant accumulations of drift are found 
in hilly regions, chiefly, however, in the valleys, and especially 
near gorges and defiles. This detritus in such places usually 
consists of rounded bowlders, pebbles, and sand, and even mud, 
piled up in ridges, straight, curved, and tortuous, and some- 
times in regular tumuli. These correspond almost precisely to 
tho moraines of the Alps, except that they are often on a much 
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larger scale and more altered in shape by subseqaent allnrial 

Bgeacie^. 

Rem. In this work xhe Isrtn Hu/raine inciaiei those accDmuUliona of de- 
tritus produced by the grating of Jcetit^r|rB ajong the bottom of an ocean, of 
U1J bodj of water, as wdII as tboae formed by coTmnon glaciers. 

lUiui. Prof AgQBBiz, Dr. Buckland and Mr. Lycll. have recently pointed 
out numerous examples of ancient moraines and correspondent etnoe upon 
Ihe rocks, in Scotland snil the Nortb of England; and since they are familiar 
with the moraines of Misting glaciers in the Alps, we csn hardly suppose 
them mistaken respecting tbMe in Great Britain. Procccrl. Giol. Sac. Land., 
m. 7-2.— I8IO-1811. 

lUvs. In^New England these accumulations are very common, and 
■ometiiDCB Ihey are so crowded together aa tu-exhibit a picturesque ap- 
pearance, being made up of lorluous and conical cle'alions with deep 
intervening cacities, as if scooped out by the hands of a Titan. The most 
remarkable examples that I have ever seen, arc in the vicinilj of Plymouth 
in Massachusetts, and near the extremity of Cape C ' ' "* 
.. ... _ ™^ __ n™, ,_.. ...I j„ f^i. 



they aresometimes SCO or 300 feet high. In tmro Ihej aid composed 

wholly of sand, and they gite a si ' .-.■._ i-_.i »!_ nn 

represents a small portion of the si 
Tmro. 

Fig. 99. 



JUbrouIM In Trun. 



Descr. In Plymouth and Barnstable counties tbeso moraines 
ere distant from 50 to 100 miles from any mountains much 
more elevated than themselves. 
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>unlry, I showed him the moraines exliibilej 
on tha aboio figure, 'B.ncl requeBleJ hliu to notka whether any BJiiiiliiT np- 
uearanips pTiat in crntril Asis, especially in Armenia. In i leMrr recriveil 
liom him alter he had passed through (hat country, he aajr, that brrore ha 
reached Mount Ararat, and on the vast [dain on il* noilh sije, " we pawed 
Biaay sections of dlluTium much like the one we visited back of Amherst" 
Being now (March 181^,) on a visit to this country, he inroima mr, on the 
authority of Rev. Mr. Johnson, American Missionary at Trelirond, on the 
Black Sea, that such moraines are common in Cilicia in Asia Minor. 

Rem. 3. In the above cases we may be sure ihit these moraines remain 
almost exactly a* they were left hy the tee : fiir il is imnoasible that water 
could have subsequently altered ihcir form eMenlially ; for the caiiiies l>e- 
tween the elevation* anj not valleya, through which water may have flowed, 
but irregular ifepres^ns. 

Deirr. In the two following cases the round-topped (umuli of gravel may 
be only the remnants of a former lateral moraine, intersected by streams 
from the mountain. Pis. lOl, shows a row of tumuli, sor.ic of them 100 
feel hiph, a little soulh of the village of North Adsjos in Massachusetts, at 
the fbol of Hoosac Mountain- 
Fig. 101. 



lUus. A nmilar £">"? "t moninei, but lew conical, is abonn on I^. 
102, (u ttiey appear at Itie eaM part of Moniimeiit Mauntain, in Beckibin 
Coonlj, Mu«wliUBett8. 

Fig. 102. 



Jttortdna; KonumenI flff. 

Rem. 1. In the Biblical Rouarches of Robinson and Smith, tumuli siirnlar 
to the aboTe are degcribed as existing near Ji-rioha, an the west side of the 
rirer Jordan, not far from ilB mouth. I requested Dr. Robinson, on a re- 
cent visit to Amherst, to go lo the spot in that town rrpreeente<1 un Fig. tOO: 
and he snawers me that the materials are the same in the tumuli neur Jeri- 
cho BE in the morainrs in Amhcrat ; but thai the former are insulated aod 
conical. li-s'aTC^/:s, Vid. 2. p. 281, 397, 208. 

Rjm, 2. I ilo not iind any dreoriplion of such moraines as .ire figured 
ahoTo in Agawii's worl( on tlie Glauiers of the Alps. Bui Dr. BncKland 
■ays tliat Ihey occur there, and there can be no Jnubl but what bo describes 
as ani'icnt moraines in Scotlnnd, are identical with those accumulations of 
^avel in this country thus denominated above. Indeed, it 'u iin]H)srible to 
explain tbeir existence by the action of currents of water alone ; and io« ia 
the only other known agent that could produce them. 

Deser. Sometimea these moraines constitute ridges of con- 
siderable height, which eitend a long distance with steep sides. 
The most lemaikable examples which I have met With, occur 
about one mile west of the Theological Seminary in Andover, 
Mass. In company with Rev. Alonio Gray of the 1'eacher's 
' ' ' ' ',;■,■'. ""^] ' ■ eof 

sidentbly tortuous, and in some places is interrupted for several 
Tods. Mr. Gray informs me that he has found other ridgea 

STHllel to this. One exists, also, near the village of South 
eding, ten miles from Boston. But an accurate description 
of these moat interesting examples cannot be given in this place. 
Deser. When moraines have been cut through and worn 
down by the actiou of streams of water, the detritus becomes 

ir* 
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more or leas rtiatifieii W the sorting of tlia materials. Bach 
accumulatiooB are called the detritus of moraines, and they sie 
not uncommon in this country, 

lam. Fij. 103, ihowi n clilT of thii Kort od Ihe hinki of Camutctkut 
titer near Cobb'* lerr; in Montague, in MmHiichuwtta, about 4 rodi long and 
SO feet high. Not only have we here slniiGcation, but that obliaue lamina- 
tion whien ii Ilia result of clrpoiUioD front water upon ■ Utep liope. Tlw 
matcriaU are sand anil {jraT^I. 

Fig. 103. 



Fig. IM, abana a cau dateloped in Palmer, Maaaacboaetts, by the txctr 
ixtion of the weatern rail road. The bank ii SO rodi long and 50 feet high ; 
and iJlhough moat of the cliff ia gravel, land, and coane bowlden, jet in 
the midat are depoaita of fine blue clay. Some port of the oratel ia alio atratir 
fied, with a dip of 35°. I auapect that in IhW caie the hSl was moved by a 
nuaa of ice after the clay waa depodted. 



Fig. 104. 




Inf. There ia reason to suspect that some of those mounds 
in our Western States that have been regarded as the work of 
msa, are conical moraines, or the detritus of moraines. Ws 
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nave teBtimonj that they aie sometimes stratified, and that th«y 
are too large and numerous to be all artificial, although artificial 

mounds do undoubtedly exist there. Illinois Magazine, Vol, 
2. p. 2j2. Am. Jour. Sci. Vol. 34. p. 88. 

DescT. Frequently the eurface is almost entirely covered for 
many square miles with large transported blocks of stone, nhich 
are but little rounded. These were most probably transported 
on icebergs. 

ilim. One cui hudlj pan mer my or the hilfy parti of New Eiiglanil 
without mevling with more or leii of thew blocks. Perhspa the wetl 
part of Cape Ann in MaHachuaetti, exhibits them in as gnat abandance 
u any place. Fig. 105, will give aome Uea of & Undacape near BquoiD in 
Gloueealer. 

Fig. 105. 



Deser, The size of single bowlders is sometimes e 
The block out of wkicli was hewn a pedestal for the statue of 
Peter the Great, weighed 1 500 tons. The Needle Mountain in 
Dauphiny, said to be a bowlder, is 1000 paces in circumference 
at the bottom, and 2000 at the top. Near Neufchatel is a block 
of granite 40 feet high, 50 feet long, and 20 broad, which weighs 
3800 000 pounds. The block called PitTTe a Martin, contains 
10.2^6 cubic feet. Greenough's Geology, p. 131. The rock 
in Horeb, from which according to monkish tradition, Moses 
miraculously drew water, is a block of granite, 6 yards square, 
and contains 5823 cubic feet, lying in the plain near Mount 
Sinai, from which it was probably detached. This however 
bs* not probably been removed except by gravity. Grettunigh, 
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p. 127. In this country bowlders occur t)f equal dimensions. 
Thus, on Cape Ann ana its vicinity, I have not unfrequently 
met with blocks of syenite not less than 30 feet in diameter ; 
and in the southeast part of Bradford, I noticed one 30 feet 
square ; which contains 27.000 cubic feet, and weighs not less 
than 2310 tons. In the west part of Sandwich on Cape Cod, 
I have seen many bowlders of granitic gneiss, 20 feet in diame- 
ter, which contain 8 000 cubic feet and weigh as much as 680 
tons. Two graywacke bowlders of the same size lie a few rods 
distant from the meeting house in Norton, in Dr. Bates's gar- 
den. A granite bowlder of equal dimensions lies about haJf a 
mile southeast of the meeting house in Warwick ; and one of 
similar dimensions lies on the western slope of Hoosac mountain 
in the northeast part of Adams, at least 1000 feet above the 
valley aver whicn it must have been transported. One of 
granite lies at the foot of the cliffs at Gay Head on Martha's 
Vineyard, which is 90 feet in circumference and weighs 1447 
tons. In Winchester, New Hampshire, I recently met with a 
block of granite 96 feet in circumference. It is near the road 
leading to Richmond. I noticed another in Antrim in that state 
150 feet in horizontal circumference. Finally, at Fall River is 
a bowlder of conglomerate, which originally weighed 5400 tons 
or 10.800.000 pounds. 

Descr. Glacio-aqueous action •appears to have destroyed 
numerous species of animals that inhabited the northern regions 
of the globe at the time of its occurrence. 

Proof. In accumulations of drift in the northern hemisphere, have 
been found the bones of several species of mastodon, hippopotamus, 
rhinoceros, bear, as well as the mammoth or elephant, megatherium, 
megalonyx, hyaena, deer, dinotherium, horse, ox, &c. animals of whose 
existence since that event we have no evidence. Not less than 100 
species have already been found in drift, although not more than half are 
extinct. 

Inf. A sudden fall of temperature took place in the northern 

hemisphere at the period of glacial action. 

Proof. The animals whose remains are found in drift are mostly such 
as live in tropical climates ; which shows that a hisrher temperature than 
now exists in these countries, prevailed at the commencement of glacial 
action. And that the change was sudden, appears from the occurrenctf 
of elephants and rhinoceros undecayed in the frozen mud of Siberia : for 
they must have been encased suddenly in ico to prevent their putrefac- 
tion. 

Smoothed, Striated, and Furrowed Rocks in Place, 

Descr. One of the most remarkable eiPects of glacial action, 
is the smoothing, rounding, scratching and furrowing of the 
surface of rooks m place. 
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Rem. 1. Although this is a very comnKm phenomena, especially in the 
United States, yet until within a few years, scarcely any example had 
been pointed out by geologists : a proof of the little careful attention that had 
been given to the pnenoiuena of drift. The following examples are only 
a seleoled few, out of the multitudes which have been observed in this 
country. 

Rem. 2. Care must be taken by the observer, not to confound these 
furrows and strie with those grooves on the surface of rocks produced 
in the direction of the cleavage planes, or tbe planes of stratification, 
by the unequal disentegration of the harder and soiler parts ; nor with 
the furrows between the veins of segregation, produced in the same man- 
ner ; nor with ripple marks. In fine, it is best not to consider any ease as 
of decided glacial origin, unless the grooves cross the planes of cleavage 
and stratification at a considerate angle. Such are all the cases mentioned 
below. 

Exam. In the state of Maine is a good deal of slaty rock, often stand- 
ing upon its edges, that admirably resists atmospheric agencies : and hence 
it presents a multitude of examples of well marked strin. Around the city 
of Portland, they are very abundant and very distinct ; having a direction 
INT. 1(F to 15"^ W. and S. IQP to 15^ £. Farther east as at Hope and Ap- 
pleton, they run nearly N.W. and S.E. and some of them are a foot in 
depth, and six inches wide. JFHrsi Report on the Geology of Maine, p. 57. In 
other parts of the State, the direction is nearly north and south, or even in- 
clining a few degrees to the N.E. and S.W. 'Second Report on the Gecdogf 
of Maine, p. 91. In the eastern part of Massachusetts and Rhode Island, 1 
might name fifty places where the strie are obvious and distant. In Essex 
County, Mass. they are very frequent on the hard syenite rocks : though often 
these are merely smoothed, and sometimes almost polished. They are visible 
on the gneiss at the top of the Wachusett mountain, the highest in the 
eastern part of Massachussetts ; being 3000 feet above the ocean. The pre- 
cipitous hills and the lower grounds of the valley of Connecticut river, are 
covered with them ; and here as well as in nearly all the eastern part of the 
state, their direction is nearly north and south, usually however inclining a 
few degrees to the East of South, and West of North, and very rarely tne 
other way. The high mountains west of Connecticut river, embracing the 
Hoosac and Taconic ranges, some points of which rise 3500 feet above the 
ocean, exhibit very numerous examples of the smoothing and furrowing 
effect of this supposed glacial agency. Graylock, the highest point in Massa- 
chusetts, is so covered with soil and trees, that the rocks are very rarely seen : 
but on that spur of the mountain called Bald Mountain, whose top is a few 
hundred feet below Graylock, the scratches are obvious, as they are also on 
the northeast side of the mountain. The high conical mountain in the town 
of Mount Washington, (called Mt. Everett,) which is 2600 feet above the 
ocean, has been worn over its whole surface, and the stric are still visible in 
many places ; although the rock has been so long exposed naked to atmos- 
f^eric decomposing agencies. Similar markings are manifest on the top of 
Tom Ball, a high mountain in Alford, and they may be seen throughout the 
whole extent of the Taconic range, which on its west side is very precipitous. 
A large proportion of these grooves run N.W. and S.E. but some of them 
aj^roach nearer to a coincidence with the meridian. The rock is mica and 
talcose slate, and in some instances is laid bare for a great distance, so as to 
show the smoothing and furrowing of its surface over a large extent. In- 
deed, one cannot stand upon these lofty and precipitous ridges, and witness 
this phenomenon, without being struck with the great power and extent of 
the agency that has thus left its traces upon some of the most elevated spots 
in N. England. — Between these mountains and Hudson river the gray wacke 
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b crowed hj mukinn Tanning N. W. and S. E. Neu tlw city of I4«w 
York, lecordins to ProC Ghle, thrif run in the nine direciirai. In tbs 
western part ofNew York, Ihey are nQDieroiK, and ihtj run somelime* S. 
S. W. and N. N. R '^''■y "* common also, upon (be mountains of 
PennajWinia ; and -tl^i in Ohio, Michigan and KUnoia, where their moat 
usual courae is from N. W. to S. E, 

The bard gray liomtone in (be liciiiit; of Rochei(er and Boflalo in New 
York, and on [he banks of the St. Idwrence, as well as in Ohio, is oRen 
■moothed and potisbed b; this agency atmost like nuiblo. Am, Jour. 
Sdma, Vol. JOCXVII. p. 240. and Val. XXXV, p. 191, JOto Utperti on 
tilt .Veto York GtoiogUtU Svrvep. 

Mount Monadnoc in Mew Eampehtre, 32S0 feet high, is little ebe tbin 
a naked mass of nuca sjata of a pecmiar cbaractaTf aUnost dei(itute of atrati- 
Scation. And from top to bottom it has been scarified on ils northern and 
weatern sidei. On its lower parts, especially on Ihe aou(bwest side, tha 
Hiic run about N. W. and S. E. by the magnetic needle ; as they do in Ihe 
country around the mountain ; but when we approach ita top, the coun« 
changes to N. 10° W. and S. 1(F E. Other siriea are seen here on s(«per 
slopes, both northern and southern, than I have found elHwh«e. Deep 
fiirrowa are also met with here, and eame other peculiar phenotnena con- 
nectal with glacial action, which will be deficril-ed fiirther on. 

In a recent liait to the White Mountains of New Hampehire, I haye dis- 
covered an example of strin with other glacio-aqueou* phenomena, at the 
height of nearly 5000 feet above the ocean, on Ihe soolbem ^(^ of Mount 
Pleasant, nearly al the highest point, indeed, where there ii any rocks io 
[dace ; all the peaks being broken into a multitude of tragments by frost. 
These atrial run N. 30° W. and S. 30° E. 

Fig. 106, will conTc^ some idea of a suHace of rock which has been 
■moMhed and striated in the manner that has been described. The line* 
running in the direction a a, abow the divisioDS of the strata : those run- 
ning in the direction b b, ahow the strin, which are perfectly parallel to one 
another. This figure was copied from a rook of aneisa in Billerica in Massa- 
chusetts, on the tuinpike from Boston to Lowell, near the sixteenth mile- 
stone from Boston, Thousands of simQar extjnplea may be leen in New 



Fig. 106. 



Descr. SometimeB we find two or more Beta of stiiai crossing 
one another at a sniall angle, the lines of each set preserving 
their parallBliam very perfectly. Fig. 107, shows one of these 
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eaaee copied from mica slate neai the crest of Monadnoe, gereral 
hundred feet below the summit. The two sets inteisect at an 
angle of 10°. An interesting example ia also described by Prof. 
Locke, with a drawing as occurring in the S. W. part of Ohio, 
where the stciie was 3.26= E. and N. 26° W. Second Report 
on. the Geology of Ohin. p. 230. 

Descr, On Ihe easlcrn coDlinfnt these etrls uid furrowa sppeor lo b« 
less comniDn than in this cauntrj ; foi aatnilhslanding the ereat atnlily and 
teal dlsplajred by European geologistB, only a few cases of such markings 
have yrt heen recorded. In Scotland howeTcr, Ihej were noticed long ajjo, 
hy S-ir James Hall, on greenstone and other rocks, having a direetion N. W. 
and S. E. A similar case is mentionel in Nortti Wales, and in the Brora 
coal region of Scotland, where thej run N. N. W. and S. S. E. Dr. Buck- 
land has roeenlly pointed out several eiamplea in that country, which he 
Bupposes resulted from the descent of ancient glaciera from the mountains. 
Their general course ia N. N. E. and S. S. W. " Monsieni Se&tTom," says 
Ihe distingaiahed Berzriius, "has found that the northeast parts of the moUD- 
lajns of Sweden, are, throughout rounded and worn from the base to the 
sumuiit, so as lo resemhle at a distance, sacks of wool piled upon each other. 
The Eouthwuet sides of these mountains present almost fresh fraclurts of the 
rocks with their aneles rounded little or none." Still further east in Northern 
Russia, thp sltiK hive a direction N. W. and S. E. or K. N. W. and S. S. E. 
corresponding to the course taken hy the bowlders ; and in one instance these 
bowlders have been traced lo their native bed COO miles distant. MuriJasira 
and Vemejiil en lie Geolngkal S:nicture ofOi£ Nortiera and CeniTai Begumt 
ef Russia in Eunpe, p. l3. Lend. 1841. 

Fig. 107. ^ 
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Descr. A careful eyaminBtion of the mountains of New £n^ 
land shows that their northern and northwestern sides, like those 
in Sweden, are worn and rounded throughout. An interesting 
example is Monadnoc in New Hampshire ; which is the more 
striking, because it is mostly naked rock. 7'he surface of the 
mountain is very uneven; but the protuberances are nearly all 
rounded, and few are left angular, except on the south eastern 
side. The axis of the intervening hollows usually corresponds 
nearly to the direction of the striae ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain 
direction these swells appear like domes. Fig. 108, will give 
some idea of a spot on the southwest part of this mountain, 
about 5 rods square. So far as I can judge from the descrip- 
tions and drawings of Agassiz, this appearance corresponds pre- 
cisely with that m the Alps denominated by Saussure, rochts 
moutonnecsj produced by glaciers. 



IHBOfltKS BOCKI. 

Fig. 108. 



KMBUSSED Rocxa. 



irij 
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Dmr. Ths summit nf Hoant Hotyotc in Mauiehuntti, wbich hu 
liecn lets much abrada) h; ihe agency under conaidenitiDii, aonictimH pre- 
■enta tngulaled buiamoclcs of greenstone, leseiDbliDg the "«cki of wool" 
described by Sefttioon), u shown in Pig. 110. 



Fig. 110. 



Descr. Sometimes instead of striffi, we find the summit of a 
mountain ploughed into deep fuirowa, which enlarge so as to 
form deep parallel valleys. 

Exam. The miwt lemukable example nr this kinil that I know o{, is 
(be ■umiQit of Mount Holyoke, mentioned sbave. Thia is a narrow very 
precipitoua riJge of greenstone, rising 700 or 800 feet aboTe the valley of 
Ihe Connecticut,' and lying in the curvilinear direcUon shown on Fig, III, 
where the line 14 S, represents the meridian, and corresponds to the ilirec- 
lion taken there by the drill, which struck the mountain froni the north. 
On that side Ihe mountun is a nearly perpendicular wall of rock. Yet the 
summit is intersnted by numerous grooves and valleys in the itireclion of 
the lines A, A, A, A, H S, from a few inches to several hundred feet deep. 
And not only do wc see the marks of abrasion in the bottoms and on the 
■ides of these valleys, but the lact that they preserve their parallelism so per- 
fectly, sltbough the mountsjn curves so much, shows that they were pro- 
duced by some, abrading agency rather than by the original structure or ele- 
vation or the mountain. For bad they resulted from the Utter causes, we 
might expect them la change ih«T course to the line* B, B, B, m Ihe moun- 
lain coDtinued to carve more and more. 
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Fig. 111. 




Inf, 1. These furrows and valleys must be imputed to the 
joint action of ice and wat^r. If water alone were concerned, 
the valleys could not have so nearly preserved their parallelism. 
Indeed, unless the large valley around the mountain had been 
filled with ice, it is difficult to see how streams of water could 
have flowed over its summit so as to produce these valleys. Ice 
alone, moving over the top, might have begun the work, (and 
this would explain the parallelism of the valleys,) but could not 
have made so deep erosions without wearing down the inter- 
vening ridges. Moreover, these furrows and valleys correspond 
well to the joint action of glaciers and water in the Alps, and 
there they are called lapiaz or lapiz. See Etudes Sur les 
Glaciers. 

Inf. 2. It appears that in all cases the striae, furrows and 
valleys, that have been described upon the surface of rocks, cor- 
respond in direction to the course taken by the drift, and thus 
the two classes of phenomena are proved to have resulted from 
the same general cause.' 

Descr. The striae are rarely met with on pure limestone, 
on account of its great liability to disintegration. Most of the 
coarse granites and conglomerates, as well as gneiss, are so 
much decomposed at the surface, as to have lost all traces of 
these markings. Greenstone, syenite, and porphyry, are fre- 
Quently rounded and smoothed ; but the markings are usually 
raint on account of their great hardness. Upon the whole, the 
upturned and smoothed ledges of talcose, micaceous, and ar- 
gillaceous slates, retain these markings most distinctly. But 
where the soil has been removed, almost every rock presents 
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them to view. And were the rocks of N. England to be en- 
tirely laid bare, I cainnot doubt but a third of the surface would 
show marks of this scarification. 

Transport of Drift from Lower to Higher Levels. 

Prin. In some instances the drift has been transported from 
ower to higher levels. 

Proof 1. On the northern slopes of moantains the stris not un fre- 
quently pass from the top to the bottom without essentially chantring their 
parallelism. This is the case on . Mount Monad noc in New Hamp^ihire, 
where the smoothed and striated surface is sometimes inclined northerly as 
much as 5(P or 60^. In this case the angular rocks are rounded on the 
northern but not on the southern slope, except slightly; and this shows that 
the ^ork was done by an ascending and not a descending body. Near the 
summit of that mountain, however, stris are seen on quite steep southerly 
slopes. But this is an unusual case. On the west side of Taconic and 
Hoosac mountains in Massachusetts, the striae may be seen sometimes, com- 
mencing several hundred feet below the top: and all the drift in that region 
has been carried southeasterly ; which proves the force producing the iu)ra- 
sion to have been upwards. Pinal Report on the Geology of MassachuscttSy 
Vol. 2, p. 393. A similar case occurs in Russia. Murcfuson and Vemcuil 
on tlie Geol. of Russia, p. 12. 2. Bowlders are found transferred from a 
lower to a higner level. For example : the quartz rock of Berkshire county 
has been strewed all over tho top of Hoosac mountain, which must be at 
least several hundred feet above any ledge of quartz, from which the bowl- 
ders could have been derived : and the Silurian rocks of New York have 
been carried over Taconic mountain and lodged upon the Highlands in New 
York, as well as upon Hoosac mountain. 

Lakes produced by Moraines, 

Descr. The great accumulation of drift which took place 
near the gorges of valleys, produced extensive lakes, which were 
fiUed with water upon the melting of the ice, and in whose bot- 
toms thick deposits of clay and sand were frequently made above 
the body of the drift, while the waters were gradually wearing 
away passages through the detritus. 

Proof. In all valleys of considerable size in the northern parts of the 
United States, such as those of the Hudson, the Connecticut, the Penob- 
scot, &C., we find such deposit of clay above the drift; and above the clay 
more or less of sand. These deposits must have been made in quiets 
waters, either during the glacial or the alluvial period ; and the fact 
that scarcely no organic remains are found in them except a few shells of 
a highly arctic character, makes it extremely probable that it took place 
during the glacial period. Similar deposits occur in the valley of the 
Rhine, which are tnere called loess, and are from 100 to 200 feet thick. 
htjeWs Prin. Geology, Vol. 2. p. 289. In the county of Suffolk, Eng- 
land, a deposit of similar clay exists, according to Rev. W. B. Clark, 
sometimes 400 feet thick. Proceed, l/mdon Geolog. Society, No. 50, p, 
532. 

Inf. We see why there is such an insensible passage from 

glacio-aqueous into alluvial deposits. For the drainage of the 

18* 
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kk«i ptodaced by the motaioM, liaa bmn going griLduftUf on 
from toe time ivh«ti the naters tint made a breach through the 
drin to the preseDt. It is difficult, therefore, to baj [Heciselv 
where the glacial period teraoinated and the alluvial commenced, 
unless we fix it at the time when the preeent races of organic 
beings were created. 

Inf. -2. We we the origin of the numerous small ponds that 
xiit in regions abounding in moraines, as in Plymouth and 
Barnstabla counties in Massachusetts. They occupy the de- 
pressions left between successire moraine*. 

Ledgei of Rocks fraclured by Glacial Action. 

Doer. In two initincea i have Rianil the perjWDdicDlir itnla at ikljr 
Toeki bmkfn anil nrtiati? knocked over, nur the luiniiiit of hillt, to tns 
depth or to or IS Uet, ao m to proiluce horixoDtBl fiMorn of wieral incbe* 
wiijt : and I ranniH doubt but Iney are the tesutt of glacial agency. Fig. 
1 13, will jpye an iilra of one of lh«e eaan, in a quirry of cUj slate, in 
Guilford, Vt. In Ihia inolanee the force which Ihua crushed ihe lop or 
weilern slope of the hill, inuil hue been directed towards Ihe west. The 
other case is in Middlefleld, in Manaehasetta, in hornblende slste, and 
the spot is eovercJ by 20 feet of drift. Final Report on tin: Geel. Mass. p. 
396, Vd. 2. It was brought to light by an eicavalion for the western 
nilroail. I presume similar cases may oe eommon, but (hey haie not been 
described elsewhere. I'he force to produce such an effect must have been 

Fig. 112. 
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Theories of Drift 

Prtn- Any theory of drift to be satisfactory, must explain 
the four following varieties of the phenomena: 1. Erratic 
Bowlders : 2. Common Drift : 3. Striae, Furrows and Valleys : 
4. Moraines, Some theories mieht satisfactorily explain par^ 
ticular phases of the phenomena, but fail in their application to 
the entire group. 

Ehscr. In no part of geology have ojunions been so unsettled and chang<« 
ing, as in respect to the origin of drift and its attendant phenomena. tJntii 
recently, powerful currents of water have been regarded as the sole agent 
concerned. To account for their currents, it was a favorite theory with 
many, that a comet once im|>inged against the earth. Geologie Populaire^ 
par N. Baubee, p. 46. Pans, 1833. But since it has been ascertained that 
comets have " no more solidity or cohe>nence than a cloud of dust, or a wreath 




can Edition. Another theory, very widely adopted, imputed these effects to 
the deluge of Noah. But it is now almost universally abandoned by geolo- 
gists, because the remains of man have not been found in drift : becausf 
most of the animak found in it belong to extinct species : because the period 
occupied by the Noachian deluge was much too short; and because the phe- 
nomena cannot be explained by water alone.* Alike inadequate is the hy- 
pothesis which imputes these phenomena to the sudden elevation of conti- 
nents, or mountains, from the bottom of the ocean ; whereby powerful waves 
rushed away from their axes ; and this finds now probably no supporters ;- 
although such vertical movements may have modified the phenomena in par* 
ticular regions. In short, every theory which imputes these effects to currents 
of water alone, has been abandoned by geologists ; and they now idmost 
universally refer them to the conjoint action of water and ice. Three varie- 
ties of opinion as to the origin and mode of ojperation of these agents, exist 
among eminent geologists. ' The two first or these theories may be called 
the Iceberg Theories : and the last, the Glacier Theory, 

First Theory. 

Descr. Thi& theory imputes most of the phenomena of drift 
to icebergs, carried southerly by the currents of the ocean, while' 
the continents, where drift occurs, were yet beneath the ocean. 
As they were gradually raised from the deep, the mountains, 
which would form islands, would send down glaciers to their 
shores, and thus masses of ice would be broken off to be floated 
away, loaded with detritus. In many places large bodies of 
water would remain after the ocean nad retired, in which de- 
posits of clay and sand would take place. LyelVs Elements 
GeoL Vol. 1. Chap. X, and XL 

Proof 1. In high northern and southern latitudes^the process which this 
theory assumes is daily going on. Icebergs frequently transport towards the 
equator blocks of great size, which are dropped upon the bottom of the 
ocean. Scoresby saw upon several icebergs m 70° N. latitude, masses of 
earth and rock weighing from 50.000 to 100.000 tons : and a deposit of drift 

* See note L 
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if now •etaally aceiimuUtiiig in the sontliera hemisphere, in latitodee no 
hiffherthan Northern lUly, Switzerland, and England. JLyeWs EUjntnit 
cSoL Vol. 1. p. 232 and 257. 2. There is evidence daily accumoiating of 
the existence of a much lower temperature in northern latitudes when the 
drift was depositing than is now found in the same latitudes, and, therefore, 
glaciers migot have existed in much lower latitudes than at present, and 
icebergs might have been carried nearer to the equator than they now are, 

befinre mdting. 

Ckj. 1. The unifbrmitv of direction taken by drift over all the northern - 
part of Europe and America, and the rare occurrence of centres of dispersion 
are explained with difficulty by this theory. There has yet been discovered 
no mountain in North America from which detritus has been scattered on 
different sides ; and the force was southeaster!;^ over the top of the "White 
Mountains, the highest point, with one exception, east of the Mississippi. 
Nor have any such centres of dispersion been pointed out in the North of 
Europe. But if this theory be true, it is difficult to conceive why such 
mountains as the White Mountains, as they were raised from the ocean, 
should not have proved centres of dispersion. 2. Several facts, such as the 
transference of bowlders from lower to higher levels, and the smoothing and 
furrowing of the northern slopes of mountains even when quite steep, agjee 
better wiUi the idea of the ocean's rising over the land than the land s rising 
from the ocean. 3. It is certain, that the relative levels of the earth's surface 
have not essentially changed since the deposition of drift : that is, the same 
mountains and valleys which existed at that period exist now ; and, therefore, 
if our continents have experienced any vertical movements since, they must 
have been raised as a whole, by such an extremely slow movement as some 
regions are now experiencing. 4. But this would make the period of the 
formation of drift immensely remote : coeval indeed with the time when the 
highest granite mountains of northern countries were beneath the ocean. 
Whereas we know that the drift period occurred aAer the deposition of the 
most recent tertiary rocks. Now at that period we know that a large part 
of OUT continents, — all that was covered by rocks older than the tertiary, 
were above the waters. If we suppose these mountains to have sunk down 
again at the tertiary period, then tney must h<ive been suddenly rused in 
order to have reached their present height so soon. But as just mentioned, 
the facts do not admit of such a sudden rising. 

Second Theory, 

Dtscr. This theory snpposes the phenomena of drift to have 
resulted from the rise of large areas beneath the Arctic and An- 
tarctic oceans, whereby their waters have been driven southward, 
over a considerable part of Europe and America, bearing along 
masses of ice loaded with detritus. And further, that there may 
liave been a succession of vertical movements, which produced 
successive waves; so that the waters may have repeatedly 
fallen and risen again, and while at their ebb, they may have 
been frozen to the surface, so that as they subsequently rose, 
vast masses of ice may have been driven alonpr, loaded with de- 
tritus, which may have been forced up declivities considerably 
steep, and thus the surface have been powerfully and rapidly 
abraded, and the rocks scoured and furrowed. Dt La BtchJs 
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Geological Manual, p. 172. Also his Theoretical Geology^ f* 
319. Biblical Repository Vol. 11, ;?. 23. 

Proof 1. It is established, that in early times repeated upheaviiigpi of the 
bottom of the ocean have taken place; and at the present a ay, also, similar 
elevations occur . (ex. gr. Hotham or Graham Island in the Mediterranean, 
in 1631 : Sabrina, near the Azores, in iSll ; and amona the Aleutian Islands 
in 18 14, an island, said to be 3000 feet high: — another in 180(>, which is 
permanent : and another in 1795. hyeWs Prin. GeoL Vol, 2. p, 253, 266, 
318.) and in some instances, we are able to see the effects in the tremendous 
waves that follow; as during the' earthquake at Lisbon in 1765. The force 
of such waves, as they reached the shore, and successively rose higher and 
higher, were a lar^e area of the northern ocean to be suddenly upraised, can 
scarcely be estimated; loaded as they would be with ice; and it seems al- 
most the only conceivable agency by which large bowlders could be forced 
up hills of considerable steepness, and deep grooves be formed on the north- 
ern slopes of hills in Sweden and AmerioA. 2. In the latter country eer- 
tainly, if not in the former, it seems scarcely possible to doubt that the- sup- 
face is essentially the same now as when this agency was exerted upon 
it ; except perhaps those few local minor and slow elevations and depres- 
sions of which probably every country furnishes some examples: mnd henoe 
the source of this action must be sought out of the country. 3. We have 
evidence that volcanic agency, whereby large areas may have been up- 
lifted, has been very active in high northern and southern latitudes. 4. 
This theory explains the absence of animal and vegetable life, and the pre- 
sence of vast masses of ice in comparatively low latitudes during the glacio- 
aqueous period. 

Obj. 1. It is difficult to conceive how these vertical movements around 
the poles, should have produced floods of such vast extent and magnitude, as 
to inundate with water and ice, certainly all the northern, and probably also 
all the southern fmrts of the fllobe, as far at least as the 40th degree of la^- 
tude. 2. The action by which drift was accumulated, bowlders transported, 
and rocks furrowed, must have been long continued ; whereas any vertical 
movement around the poles, sodden enough to produce such deluges, must 
have been comparatively transient in its effects. 3. If the waters thus 
thrown over existing continents southward did not return to the polar re* 
^ons, what has become oi them 1 If they dtt return, as the elevated por- 
tions subsided, why have they not left traces of^eir northerly currents (n 
the land 1 ; 

The Glacier Theory. 

Descr. The history of glaciers, which has heen given in the 
first part of this section, forms »the groundwork of the glacier 
theory. It supposes that at the close of the tertiary period, a 
sudden reduction took place in the temperature of the surface 
of the globe, whereby all organic life was destroyed ; and in 
high latitudes at least, glaciers were formed on mountains of 
moderate altitude ; indeed, that vast sheets of ice were spread 
over almost the entire surface, extending south as far as* the 
phenomena of drift have been observed. The northern renons, 
especially around the poles, are supposed to have formed one 
vast Mer de Glace, which sent out its enormous glaciers in a 
southerly direction by the force of expansion j and the advance 
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and retreat of these glaciers, accumulated tlie moraines and pro- 
duced the strioe and embossed appearance (rockes moutonnees) 
upon Ihe rocks. When the temperature was raised, the melting 
of the immense sheet of ice produced vast currents of water, 
which would lift up and bear along huge icebergs loaded with 
detritus, and thus scatter bowlders over wide surfaces. The 
blocking up of the gorges by moraines, would form lakes and 
ponds, in which clay and sand, such as now lie above the drift, 
might have been deposited, and afterwards the barriers of these 
lakes, consisting of loose matter, may have been cut through, 
and the waters gradually drained off, and assumed their present 
levels. In some parts of the world the elevation of mountains, 
as the Alps for instance, during the. same period, might have in- 
ereased the effects that have been described. 

Proof, 1. The perfectly preserved elephants and rhmoceros of Siberia in- 
firozen mud, show tnat the change of climate there mast have been very sud- 
den from quite warm to intense cold. 2. The ^neral absence of organic 
remains in Hie clay and sand lying above the drift, makes it probable that 
during their deposition the climate was too cold to fiivor the existence of ani- 
mals and plants, while the highly arctic character of the few species of shells 
that have been found in these deposits in New York, Canada, Scotland, 
Sweden, and Russia, confirms this conclusion. 3. The history of the effects 
of glaciers is the history of the phenomena of drift in miniature. In the first 
place, the moraines of glaciers correspond to the accumulations of drift that 
are so common in northern regions. The latter are, indeed, somewhat modi- 
iled, partly by subsequent aqueous agencv, and partly by a somewhat differ- 
ent mode of production ; so that the distinct varieties of moraines accompa- 
nying glaciers are not always to be distinguished. Secondly, the smoothing, 
rounding, and polishing of the rocks, are the same beneath the glaciers as 
over the whole northern hemisphere. Thirdly, the parallel stris upon their 
surfaces are perfectly explainea by the passa^ of ice over them in unbroken 
sheets, with angular fragments fixed into their lower surface. Fourthly, the 
parallel furrows and valleys produced, by the agency under consideration, 
upon the crests and sides of steep mountains are very analagous to those be- 
neath the glaciers, the result of the joint action of ice and water. Fifthly, 
this same joint action may have transported bowlders to great distances and 
lodged them upon precipitous ridges and on sandy plains. Finally, three 
effects are inexplicable by currents alone. 4. This theory furnishes an ade- 
quate agency for smoothing and furrowing the slopes of mountains, and for 
the transportation of drift from lower to higher levels by an ascending force ; 
&cts more difiScuIt to explain than almost any other phenomena connected 
with drift. This might nave been done both by the expansive force of ice, 
pushing one extremity of the sheet up the hill, and by water, lifting up ice- 
Dergs with detritus from the bottom of the valleys, and as it rose, carrying 
them to higher levels. 5. It shows how deposits of clay and sand might 
have been rormed above the coarse detritus in lakes produced by the moraines 
and melting of the ice, and how their barriers afterwards might have been 
removed. 6. It gives a reason why those clays and sands are so destitute 
of organic remains, viz, a cold climate. 7. It provides an agent sufficiently 

Sowerful to break down the tops of ledges of rocks, as appears to have been 
one at least in a few instances in New England, by an enormous force ope- 
rating obliquely downwards in connection with the formation of drift. The 
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expansion aod great weight of a huge sbeet of ice might exert a fo?ce upon 
obstacles almost irresistibTe. 

Obj. This theory farnishes a very inadequate cause for the southerly di- 
rection taken by drift over so large a part of the northern hemisphere. It 
' supposes that as the earth was cooling, most of the water that was evapo- 
rated in tropical regions would go to be condensed in the polar regions, 
and thus accumulate there a vast quantity of ice, so long as the gla- 
cial period continued. Admitting such a process, it might produce a mode- 
rate southerly movement in the ice as it expanded. But the distance 
southerly to which the drift has been transported, even that principal 
mass of it which must have been pushed along by the ice, is very great to 
refer to such a cause. And besides, the southerly direction of the force 
seems to have continued from the beginning to the end of the work; so that 
the bottom of the valleys as well as the tops of the mountains have been 
equally affected by it. This fact seems to indicate some other cause besides 
mere expansion to give an austral direction to the force. It is difficult, also, 
to conceive how currents, formed by the mere melting of ice, could haVe 
transported bowlders from 400 to 600 miles to the south. 2. The largest and 
most remarkable moraines (ex. gr. those of Plymouth and Barnstable coun- 
ties in Massachusetts,) are situated at a great distance from any mountains. 
This shows at least that the idea of their production by common glaciers, de- 
scending from higher to lower ground, must be given up: though this idea is 
not, perhaps, essential to the theory. If wu can only suppose the sheet of 
ice fixed immoveably on its northern side, then^ as it expanded, it would en- 
large on its southern side. 3. It is difficult to imagine^a cause for a sudden 
change on the earth's surface from an almost tropical to an ultra-arctic climate, 
without supposing a total change in the present arrangements of the solar 
system : without supposing, for instance, the earth left without the lieht and 
heat of the sun. If facts prove such a change, however, it must be admitted 
even if we can imagine no cause. 

Rem. 1. This theory was first suggested by Venetz, a Swiss, en^neer ; 
then advocated by Charpentier ; and more recently brought out in its full 
proportions by Agassiz, in his Etudes sur les Glaciers, 

Rem. 2. It gives nearly as erroneous an idea of this theory to call it sim- 
ply the Glacial Theory, as it would to call it the Diluvial theory. For it is 
agreed by all that immense currents of water, and even extensive deluges, 
must have been the result of the melting down of vast accumulations of ice. 
These must have been sufficient to carry blocks and gravel from 400 to 600 
miles southerly ; and to form extensive lakes in the depressions of the sur- 
face. And if the return of heat was as sudden as Agassiz supposes its de- 
parture to have been, vast deluges must have been the consequence. Hence 
It would seem more appropriate to call this theory the Glacio^queous theory. 

Rem. 3. A curious example to illustrate the effect of the sudden melting 
of large masses of snow and ice, has just been communicated to me by Rev. 
Justin Perkins, American Missionary at Ooroomiah, in Persia, not &r from 
Mount Ararat, in a letter of Nov. 6, 1840. In giving an account of two 
'^ery powerful earthquakes, experienced on and around that mountain in the 
summer- of 1840, he says, "the vast accumulation of snow which had been 
increasing on and about the tops of the mduntains for centuries, was broken 
into pieces, and parts of it shaken down on the sides of the mountains in such 
immense quantities, that ^it being midsummer and the snow descending 
down as far as a warm climate and suddenly melting,) torrents of water 
came rolling down the remainder of the mountain, and flooded the plains for 
some distance around its base." 

Inf. 1 . Very probably the Iceberg Tbeories and the Glackr 
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Theory are not irreconcileable with one another : or rather, the 
ultimate and true theory of drift may probably be compounded 
of these three theories. 

Proof 1. It is impoMible to explain the phenomena of drift in North 
America and Northern Europe, witnont admitting the transit ov^r the entire 
surface, of deep and long continued currents of water, loaded with islands of 
ice. Such currents and such icebergs are supposed in all these theories to 
have existed. 2. Mr. Maclaren has rendered it probable, that if most of the 
globe was covered with an ocean, there would exist between the troprcs 
a westerly current, and without the tropics, two easterly currents. If, 
now, ice had been accumulated around the poles to a great thickness, (10,000 
feet, says Maclaren,) as Agassiz supposes, its fusion, upon the return of heat, 
would produce currents towards tne equator ; and these, meeting with the 
easterly currents, would form a southeasterly current in the northern hemi* 
K>here, and a northeasterly current in the southern hemisphere, would be 
the result. This would explain the southeasterhr direction taken by the 
drift in the northern hemisphere. — Geology of F-ife and, fJie Lothians^p. 225. 
AUo the Scotsman for Dec. 1, 1841. 3. Essentially the same rfiects would 
result, if we suppose deep and long continued inundations of the land to have 
taken place from the melting of polar ice; so that it is not necessary to sup- 
pose the glacio-aqueous period to have existed before the rise of our present 
continent from the ocean. 4. Let us make a further supposition. Sofipoeo 
the earth to have ceased to revolve on its axis during that period, and to have 
been removed from solar influence. The consequence would have been, ihat 
the water would accumulate around the poles to the depth of 13 mih-s, and all 
of it be converted into ice; while the equatorial regions would l>e left bare. 
Suppose next, that the earth was brought into its present orbit and com- 
menced its diurnal revolution. The melting ice would flow rapidly towards 
the equator, inundating the land, and the currents would take the directions 
above named. 5. Murchison and Verneuil regard it as most probable, that 
the stris upon the rocks of Northern Europe, were produced by "icefloes 
and detritus, grating upon the bottom of the sea," and set in motion by cur- 
rents produced by the elevation of northern continental masses." (hi t)ie 
Geological Structure of Russia in Europs^ bi/ Murchison and VctticiiH, p. 1 3. 
London^ 1841. 6. The Alps are an example of the rise of a mountain to a 
considerable height during the period in which drift was accumulating; and 
their devation produced important modifications of glacio-aqueous agency in 
that part of Europe, where they exist. In fact, it seems probable, that the 
conditions of the several theories that have been described, may all have ex- 
isted in some part of the globe during the glacial period ; and, therefore, it 
may be found that all those theories are in harmony with one another. 

Inf, 2. The proximate cause of the phenomena of drift 
seems at length to be determined; vix. the joint action of ice 
and water : so that the dynamics of this most difficult subjecf 
appear to be at last nearly settled. 

^ Proof. In all the above named theories, that are now adopted by geolo- 
gists, VIZ. the three last, ice and water are the assents supposed to have been 
employed ; and the chief difference between them seems to be concerning 
their relative agency. 

Rem. This is certainly a very great and happy advance in a subject 
which only a few years ago presented an aspect truly chaotic. 

Inf. 3. Not improbably all advance which geologists will 
erer be able to make beyond the true dynamics of this subject, 
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viU be only varae conjecture : that is, while they may under- 
stand perfectly oy what agencies the phenomena of drift have 
been produced, and even be able to calculate the intensity of 
those agencies, they may never ascertain their origin. 

JRem. The caw ia the same in many other parts of geology ; and it u 
often because writers are not satisfied with ascertaining the proximate causes 
of phenomena, and will speculate upon antecedent causes, that doubt and 
perplexity are thrown over a plain subject, and the whole science appears 
more unsettled to the superficial reader than is actually the case. 



SECTION VII. 

OPERATION OF ORGANIC AGENCIES IN PROI^UCINO 

GEOLOGICAL CHANGES. 

Rem, Many iacts naitunJly belonging to this Section, have been ne- 
cessarily anticipated in the preceding Sections; and will therefore, need only 
to be referred to in this place. 

Agency of Man, 

Priiu The human race produce geological changes in seve- 
ral modes : 1 . By the destruction of vast numbers of animala 
and plants to make room for themselves. 2. By aiding in the 
wide distribution of many animals and plants, that accompany 
man in his migrations. 3. By destroying the equilibrium be- 
tween conflicting species of animals and plants : and thus en« 
abling some species to predominate at the expense of others. 4. 
By altering the climate of large countries by means of cultiva- 
tion. 5. By resisting the encroachments of rivers and the 
ocean. 6. By helping to degrade the higher parts of the earth'jEi 
surface. 7. By contributing peculiar fossil relics to the alluvial 
depositions now going on, on the land and in the sea : such as 
the skeletons of his own frame, the various productions of his 
art, numerous gold and silver coins, jewelry, cannon balls, &c. 
that sink to the bottom of the ocean in shipwrecks, or become 
otherwise entombed. 

Exam. The only example or the entire extinction of the larger animals 
coeval with man, and probably through his agency, are the foUowingr. 1. 
The great Irish elk, which was 10 ft. high to the top of the horns, which are 
from 10 to 14 ft. between their tips. 3. The dodo, a bird larger than the 
turkey, which existed in Mauritius and the adjacent islands when thev were 
colonized by the Dutch 200 years ago : but it is no longer to be found ; and 
even all the stuffed specimens that were brought to Europe are lost : so that 
a head and a foot of one individual in the^shraolean museum at Oxford, 
and the leg of another in the BriUsh museum, are all that remains of it , ^* 
cep: some fossil bones lately found in the Isle of France. 3. The apterpm 

19 
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australis of New Zealand appears to be on the point of extinction, if hot 
actually extinct: as only one specimen of it exists in Europe ; and no others 
can be obtained, though the missionaries say that its skin is still worn by th» 
natives. Wanders of Geology ^ Vol. 1. p. 105. 

In particular countries it is a more common occurrence for species to ba • 
come extinct ; as the beaver, wolf, and bear, in England. In this countrf 
the animals of the forest are disappearing or moving westward as the ferestr 
are clearing up. Since the discovery of the island of South Georgia, ift 
1771, one million two hundred thousand seal skins have been annually takca 
from thence; and nearly as many more from the Island of Desolation. Tbs 
animal is becoming extinct at these islands. How many of the smaller ani- 
mals may have become extinct, through the agency of man, it is impossible 
to ascertain. 

It has been maintained with great confidence, that the climate of Europe 
is very much warmer than in the days of ancient Rome : and this has been 
imputed to the clearing away of the forests. JRee^ Cydopadia^ Artide^ 
Climate. But Jf. Arago has lately rendered it probable, that no such change 
has taken place. IjyetVs Prin. Geci. Vol. 3. p. 256. In Korth America, 
however, the extremes of heat and cold have probably been modified by the 
clearing away of the forests. 

In luly, the Po, Adige, and other riven, are prevented from overflowing 
the adjacent country by embankments. These nave been carried so high, 
and the bed of the river has so much filled up in some places, that the sur> 
&ce of the Po is more elevated at Ferrara than the roofs of the houses. 
LyeWs Prin. Qeol. Vol. 1. p. 348. 

Inf. Some writers maintain that as species of animals and 
plants disappear from the earth, new species are created to take 
their place, that the proper equilibrium of organic nature may 
be preserved. But as no certain example of the creation of a 
new species has yet been discovered, this opinion can be re- 
garded only as an hypothesis. And the majority of authors 
suppose that in general no new creation takes place, until nearly 
the entire race inhabiting a country at any one period, have 
been destroyed, either by a sudden catastrophe, or in the slow 
manner that has been described ^ 

6b$. This question, with the whole subject of the permanence, distriba* 
tton, and mutual influence of species of animals and plants, is fully and ably 
discussed in JLyeWs PnncipUs of Geology^ Book 3. The general principles 
regulating their distribution has been given in Section V. 

Agency of Other Animals. 

^ Prin, Very many other animals exert an influence on geolo- 
gical chanres analogous to that of man, though less in degree, 
except the following. 

Polyparia or Polyps, 

Rem, The lithological character of the stony habitation erected by these 
minute a nim a l s , has oeen .described in section III. Some account of the 
pcdyps has also been given in section Vl. The history ot coral reeft remains 
to be given. "^ 
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Descr, CotsI reefs are ridges of calear eoas rock, whose basis 
is coral, (chiefly of the genera, porites, astrea, madrepora mean- 
drina and caryophillia.) and whose interstices and surface are 
covered by broken fragments of the same^ with broken shells 
and echini, and sand, all cemented together by calcareous mat- 
ter. They are built up by the polyparia, apparently on the 
tops of submarine ridges and sometimes perhaps, thoug'h not 
generally, on the margins of ancient volcanic craters, beneath 
the ocean, not generally from a depth greater than 25 or 30 
feet, yet sometimes 120 or 130 feet. The polyparia continue 
to build until the ridge gets to the surface of the sea at low 
water ; after which, the sea washes upon it fragments of coral, 
drift wood, &c. and a soil gradually accumulates, which is at 
length occupied by animals with man at their head. The reefs 
are sometimes arranged in a circular manner, with a lagoon in 
the centre, where, in water a few fathoms deep, grow an abun-^ 
dance of delicate species of corals, and other marine animals, 
whose beautiful forms and colors rival the richest flower gard^L 
Volcanic agency often lifts the reef far above the waters, and 
sometimes covers one reef with lava, which in its turn is covered 
with another formation of coral. The growth of coral struc* 
tures is so extremely slow, that centuries are required to pro- 
duce any important progress. The rate of increase has not 
been determined. 

Descr. The diameter of the circular reefs has been found 
to vary from less than one to 30 miles. On the outside, the reef 
is usually very precipitous, and the water often of unfathomable 
depth. Fig. 113. is a view of one of these circular islands in 
the south seas, called Whitsunday Isle ; so far reclaimed from 
the waters as to be covered with cocoa nut trees and with Bax^txe 
human dwellings. 
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Fig. 113. 



Defer. Thead islets occur abimdontly in the Pacific Ocean, 
between the thirtieth parallels of latitude. They abound also, 
IB the Indian Ocean, in the Arabian and Persian Gulfs, in the 
West Indies, &c Usually they are scattered in a linear man- 
ner over a great extent Thus, on the eastern coast of New 
Holland, is a reef 350 miles long. Diaappoiatment Islands and 
Duff's Group are connected by 500 miles of coral reefs, over 
which the natives can travel from one island to another. Be- 
tween New Holland and New Guinea, ia a line of reefs 700 
mites long, interrupted in no place by channels more than 30 
miles wide. A chain of coral islets 480 geo^aphical miles long, 
has long been known by the name of the Maldives. Some 
groups in the Pacific, as the Dangerous Archipelago, are from 
1100 to 1200 miles long, and from 300 to 400 miles broad. 
Lgeiri Prin. Gtol. Vol. 3. p. 367. Especially Sea Coulhoy on 
Coral Formalioju in the Paeifie, in the Bost. Jonrn. Nat. Hi*- 
tory, Vol 4, No. I. 

InjvtOTxa. 

Ran. Il is cettuoly one of the mott ulonishing dlscoveriea of modem 
■eiencB, Ihit tbe (nimiilculiL of infurionB, of nhlcb MW.OOO 000 mi? live uid 
■poft in B drop of wntcT, ihonld originalt extensive fbrmatiou of rock* and 
■oili bj their abeletoni. But ths aijalcry ia eipliined when we leBm how 
utonithtnE ia their power of multifjication. The fucta on thii mbirct, bow- 
ever, hsTB been lo taWy detailed in Sectiaa V, tbtt nolhiag more can be pro- 
fitably added in tbii place. 

Agency of Plants. 
Deter. Animal and veget^le substances, when buried in the 
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earth, or the waters, sometimes undergo an almost entire decom- 
position : at other times, this is very partial ; and sometimes 
the change is so slow that for years scarcely no apparent pro- 

fress is made. Different suhstances will be the result of these 
ifferent degrees of decomposition. 
Descr. Berzelius embraces all the organic matter of soils in 
the generic term humus. Dr. Dana uses the term geiTie as 
synonomous with humus, when he speaks agriculturally. Ber- 
zelius supposes humus to contain liumic acid, humin, crenic 
and apocrenic acid, and traces of glairin. Dr. Dana regards 
these as different forms of geine, which, when in a soluble state, 
may be taken up by the roots of plants : but in an insoluble 
state, can afford no nourishment. When he uses the term 
geine, however, in a strict chemical sense, he means by it the 
same as the humic acid of Berzelius ,* or a compound of 16 
atoms of oxygen, 2 atoms of hydrogen, and 16 atoms of carbon. 
This unites with bases and forms geates, or humates. In some 
places, as on the western prairies, these organic matters of soils 
increase so as to form a layer several feet thick : but in general 
they are so much used in the nourishment of plants, that they 
rarely become more than a few inches thick. 

Descr. The prevalent opiBi'on among vegetable physiologists has been, 
that plants are noorished partly by imbibing carbonic acid through their 
leaves and their roots, and partly by taking up soluble geine from the soil. 
Recently, Liebig, RaspaiJ and other distinguished chemists have advanced 
the opinion, that they are nourished 'solely by the absorption of carbenic acid, 
and that geine acts no other part in sustaining them but to furnish that gas. 
ZAebJg^s Organic Chemislrp of AgricuUure and Physiology , with notes^ by 
Professor WM^r^ Cambridge^ 1841. Also DancCs March Manual, LoweU, 
1842. 

Peat. 

Descr. Peat usually consists of soluble and insoluble geine, 
with a mixture of undecomposed vegetable matter, and some 
earths. Most of it results from the decomposition of certain 
mosses ; especially of the genus sphagnum ; which decay at 
their lower extremity, while the top continues to flourish with 
vigor. Trees and whatever other organic matter happen to get 
into these peat bogs, soon become enveloped and assist to swell 
the amount. In some instances the beds have acquired a thick- 
ness of more than 40 feet. 

Descr. In tropical climates, except on high lands, the de- 
composition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land, the peat bogs are said to occupy one tenth of the surface 
and one of them, on the Shannon, is 50 miles long and two or 
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ikn» broad. In MasaachiuetU, •xelosird of t}i« foar westeni 
eoimties, the amouat of peat has been estimated at not less than 
120 millions of cords ; and probably this falls far short of the 
actual amount. 

Descr. By the long continued acticm of water and other 
agents, the geine of peat is changed into bitumen and carbon, 
which constitute lignite and bituminous coaL In a few in- 
stances the process of bituminization has been found consider- 
ably adyanoed in the beds of peat MacctUloch!s System of 
Geology, Vol. 2. p. 352. Dr, C, T. Jacksoris Second Report on 
the Geology of Maine, p. 80. American Journal, of Science, 
VoL 35, p. dA5. 

Descr. Peat bogs are remarkable for their antiseptic power, 
or the power of preserving animal substances from putrefac- 
tion ; some remarkable cases of which are on record. LyelFs 
Prt7%. GeoL VoL 3. p, 271. Whether this be owing to the 
existence of acetic acid in the peat, or to the conversion of the 
animal muscle into adipocere, seems to be not well ascertained. 

Descr. Peat bogs sometimes burst their barriers in con- 
sequence of heavy rains, and produce extensive inundations of 
black mud. 

Descr. The increase of peat varies so much under different 
circumstances, that it is of no use to attempt to ascertain its 
rate of growth. On the continent of Europe, it is stated to 
have gained seven feet in 30 years. MaccullocKs System of 
Geology. VoL 2. p. 344. 

Descr. Where peat is formed in, or transported into estu- 
aries, it is sometimes covered with a deposit or mud ; over this 
another layer of peat forms, and in this way several alternations 
may occur. 

Descr. In some peat bogs, large trees have been found 
standing where thoy originally grew, yet immersed to the depth 
of 20 feet : as in the Ide of Man. LyelVs Prin. GeoL VoL 3. 
p. 269. 

Descr. The following analysis of three specimens of marsh peat fhini 
Massachttsetts, will give an idea of the composition of this substance. 

From From From 

Sunderland. Westboro'. Hadley. 

Soluble Geine, 26.00 43.80 34.00 

Insoluble, do. 59.60 43.60 60.00 

Sulphate of Lime, 4.48 1.88 1.36 

Phosphate of do. 0.72 0.13 0.24 

Silioates, 9.20 5.60 4.40 

100.00 100.00 100.00 
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lynft Wood, 

Descr* Large rivers,' which pass through vast forests, carry 
down immense quantities of timber. When these rivers over- 
flow their banks, this timber is in part deposited upon the low 
grounds. But much of it also collects in the eddies along the 
shores, pr is carried into the ocean. After ^time it becomes 
water-logged ; that is, saturated with water ; and sinks to the 
bottom. Thus a deposit of entangled wood is often formed 
over large areas. This is subsequently covered by mud ; and 
then another layer of wood is brought over the mud: so that in 
the course of ages, several alternations of wood and soil are 
accumulated. The wood becomes elowly changed into what 
Dr. MaccuUoch terms forest pea*>; that is, peat which retains 
its woody fibre. 

Exam. 1. The Mississippi furnishes the most remarkable example known 
of these accumulations. In consequence of some, obstruction in the arm of 
the river called the Atchafalaya, supposed to have been formerly the bed of 
the Red river, a raft had accumulated in 35 years, which in 1816 was 10 
miles long, 220 yards wide, and 8 feet thick. Although floating, it is covered 
with living plants, and of course with soil. Similar rafts occur on the Red 
river : and one on the Washita, concealed the surface for 17 leagues. At 
the mouth of the Mississippi, also, numerous alternations of drift wood and 
mud exist, extending over hundreds of square leagues. L/yeWs Prin: Geol, 
Vol, 3. p. 8. American Jowrtud of Science^ Vol. 3. p. 17. 

Exam. 2. Similar deposits of wood and mud are fbund in the river Mac- 
kenzie, which empties into the North Sea ; and in the lakes through which 
it passes. At the mouth of the river, which is almost beyond the region of 
vegetation, are extensive deposits brought from the more southern regions, 
through which the river passes. Uydui Prin. Cfeol. Vol. 3. p. 3 10. 
' Exam. 3. A part of the drift wood which is brought down the Missis- 
sippi and other rivers, along the coast of America, is carried northward by 
the Gulf Stream, and thrown upon the coasts of Greenland. The same 
thing happens in the bays of Spitzbergen, and on the coasts of Siberia. L/y- 
eWs Prin. Geol. Vol. 3. p. 3l3. 

Inf. In the history of common peat and drift wood, we see 
the origin of the beds of coal which exist in th6 older strata : 
for it needs only that the layers of peat (in which term I in- 
clude submerged drift wood,) should be bituminized. and the 
intervening layers of sand and mud be consolidated, in order 
to produce a genuine coal formation. Common marsh peat 
alone, can have originated but a small part of the beds of coal. 
Phillip^ s Geol. p, 116, 

Consolidation of Loose Materials 

Hem, Having in this and the preceding sections described a variety cyf 
natural processes by which just such materials as form the fbssiliferous rocks 
are produced, it remains to enquire whether any agents are now in operation 
to effect their consolidation. 
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Prin, A considerable degree of solidity is sometimes pro- 
duced by mere desiccation. 

Exam. 1. When clay is exposed for along time to the san, it becomes 
as hard as some rocks : — ex. sr. the marly clay dug from the bottom of Lake 
Superior. LvelTs Prin. Geol. Vol. I. p. 3iT £ Some rocks, when dog 
from a considerable depth in the earth, in so soft a state as to be readily cut 
with a knife, becoifte very hard on exposure to the atmosphere. 

Prin. Carbonate of lime, conveyed in a state of solution 
among the loose particles of gravel, sand, clay, or mud, and 
there precipitated, becomes a very efficient agent of consolida- 
tion. 

Exam. 1. On the shores of the Bermuda and West India Islands, eX' 
tensive accumulations of broken shells, corals, and sand, are formed upon 
the shores by the waves ; and these arc subsequently consolidated, frequently 
into very hard rock, hy the infiltration of the water which contains carbonate 
of lime in solution. The fiimous Guadalope rock, in which human skele- 
tons, along with pottery, stone arrow heads, and wooden ornaments, are 
feund, is of the same kind. 2. The Mediterranean delta of the Rhone, is 
ascertained to be in a good measure solid rock, produced by the numerous 
springs that empty into it, that contain carbonate of lime in solution. The 
same is true of tne deposits at the mouths of other rivers in the south part of 
Italy : but more especially on the east coast of the Mediterranean ; where 
the ancient Sidon, formerly on the coast, is now two miles inland. l/ifeWi 
Prin. Gcol. Vol. 1. p. 433. 3. In Pownal, Vermont, three miles north of 
Williams College, large masses of drift are cemented by carbonate of lime. 
4. I have specimens of a calcareous breccia from West Stockbridge, in Mas- 
sachusetts, which was formed by the chips thrown off in hewing marble, ce- 
mented together by the stream that passed over them, so as to oe nearly as 
solid as the originsd limestone. This was accomplished in 17 years. 

Prin. Another agent of consolidation is the red or per oxide 
of iron ; or rather the carbonate of iron ; since the per oxide is 
not soluble in water, without carbonic acid. 

Exam. 1. On the northern coast of Cornwall, Eng., large masses of 
driflfd sand have been cemented by iron into rocks, solid enough sometimes 
to be employed for building stones. 2. A similar case occurs on the eoadt 
of Karamania, and other parts of Asia Minor. De La BeMs MaTvaal^ p. 
78. In the United States it is common to find the sand and gravel of tne 
drift and tertiary strata, more or less consolidated by the hydrated per oxide 
of iron. 

Prin. Silica dissolved in water, appears to have been in for- 
mer times, an important agent in consolidating rocks : but at 
the present day it seems to be limited chiefly to deposits from 
thermal waters ; since it is only water in this condition that 
will dissolve silica in much quantity. 

Exam. The deposits around the Geysers in Iceland, the Azores Islands, &c. 

Prin. Heat is an important agent in the consolidation of 
rocks : the most so when it produces complete fusion : yet this 
is not necessary to the production of a good degree of solidifica- 
tion. 
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Exam. The instances are so common in the arts, (as in burning bricks, 
pottery, porcelain, &c.) where heat solidifies ; and also in the vicinity of vol- 
canos, where loose materials have become very hard by the proximity of lava, 
that particular instances need not be pointed out. 

Prin. In many of the cases that have been described, great 
pressure assists in the work of consolidation. Indeed, it is 
sometimes sufficient of itself to bring the particles within ithe 
sphere of cohesive attraction. 

Exam, This principle is too well understood to require partibulai in- 
stances to be pointed oaL 

General Inference from this and the Preceding Section. 

Inf. From the facts detailed in this and the preceding sec- 
tibn, it appears that all the stratified fossiliferous rocks of any: 
importance, may have resulted from causes now in operation. 

Proof and Exam. 1. Beds of clay need only to be consolidated to be- 
come clay slate, mraywacke slate, or shale. 2. The same is true of fine mud. 
3. Sand consolidaied by carbonate of lime, will produce calcareous sand- 
stone : by iron, ferruginous sandstone. 4. Drift, m like manner, will form 
conglomerates of every age, according to variations in the agents of consoli- 
dation. 5. Marls need only to be consolidated to form argillaceous lime- 
stones ; and if sand be mixed with marl, the limestone will be siliceous. 6. 
Coral ree& and deposits of travertin, subjected to strong heat under pressure, 
will produce those secondary limestones that are more or less crystalline : 
but more of this under the next section. 7. We have already seen how 
beds of lignite and coal may be produced from peat and drift wood. 8. The 
formation of such extensive beds of rock salt and gypsum, as occur in the 
secondary and tertiary rocks, is more difficult to explain by any cause now 
in operation. And yet in respect to the former, it is said that the lake of In- 
dersK, 20 leagues in circumference, on the steppes of Siberia, has a crust of 
salt on its bottom more than six inches thick, hard as stone, and perfectly 
white. The lake of Penon Bhmco in Mexico, yearly dries up, and leaves a 
deposit of salt sufficient to supply^ the country. Ure*s Geology^ p. 373. 1 
have also described a somewhat similar case at the lake of Ooroomiah in 
Persia. (See Section III.) And I have just been informed (April, 1842) by 
Mar Yohanna, bishop of Ooroomiah, who is now on a visit to this country, 
and who resides near the north end of that lake, that a small pond, covering 
about an acre, exists near his residence, which has a permanent deposit of 
salt several inches thick on its bottom. It is separated from the lake by a 
low narrow ridge of sand. According to Dr. Daubeny, {Report on Mineral 
Waters^ p. 7,) tnick beds of rock salt exist at the bottom of lake Elton, and 
of several other lakes adjoining the Caspian Sea. Probably, however, volcanic 
action was concerned m the deposition of rock salt. The origin of gypsum 
is still more difficult to explain by agencies now at work, since we know of 
but very few springs that depdsit it, and these (ex. gr. at Baden near Vienna,) 
in small quantity. 

Rem. 1. It does not follow from the preceding inference that the causes 
of geological change now in action, have not operated during the deposition 
of the fbssiliferons rocks with greater energy tnan at present ; but only that 
they have been identical in nature, during the past and present periods. 

Rem. 2. We can better iudge whether existing agents have produced the 
older stratified rocks, and the unstratified class, when we have examined the 
dynamics of igneous agencies. 
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SECTION VIIL 

OPERATIOK OF IGNEOUS AGENCIES IN FRODUCINO 

GEOLOGICAL CHANGES. 

Dtf, Volcanic action in its widest sense, is the influence 
exerted by the heated interior of the earth upon its crust 
Igneous agency has a still more extensive signification* em- 
bracing all the action exerted by heat upon the globe, whether 
the source be internal or external. The history of the former 
will prepare us better to appreciate the influence of the latter. 

Prin, Volcanic agency has been at work from the earliest 
periods of the world's history; producing all the forms and 
phenomena of the unstratifled rocks, from granite to the most 
recent lava. Modern volcanos will flrst come under consider- 
atioa 

Def, These are of two kinds, extinct and active. The 
former have not been in operation within the historic period : 
the latter are constantly or mtermittingly in action. 

De/, A volcano is an openine in the earth from whence 
ma^tter has been ejected by heat, in the form of lava, scoria, or 
ashes. Usually the opening called the crater, is an inverted 
cone ; and around it, there rises a mountain in the form of a 
cone, with its apex truncated, produced by the elevation of the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 feet (Stromboli,) to 17.730 feet (CJotopaxi.) 
Humboldt on the Superposition of Rocks^ p. 408. 

Def. When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation for centuries, such ele- 
vation is called a solfatara, or fumerole. 

Def, When volcanos exist beneath the sea, they are called 
sfubmarine ; when upon the land, subaeriaL 

Descr, As a general fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones ] often 
reaching half around the globe. 

Exam. 1. Perhaps the most remarkahle line of vents is the long chain 
of islands commencing with Alaska on the coast of Russian America, 
which passes over the Aleutian Isles, Kamschatka, the Kurilian, Japanese, 
Phillippine, and Moluccan Isles, and then turning, includes Sumhawa, Java, 
and Sumatra, and terminates at Barren Island in the Bay of Bengal. 2. 
Another almost equally extensive line, commences at the southern extremity 
of S. America, and following the chain of the Andes, passes along the Cor- 
dilleras of Mexico, thence into California, and thence northward as far at 
least as Columbia river ; which it crosses between the Pacific Ocean and 
the Rocky Mountains. Parker's Tour bei/ond the Rocky Mffimtaws. 3. A 
volcanic region, 10 degrees of latitude in breadth, and 1000 miles long, ex- 
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tending .from the Azore' Islands to the Caspian Sea, abounds in Tolcanos ; 
though very much scattered. The region around the Mediterranean, is per- 
haps better' known for volcanic agency than any other on the globe ; be- 
cause no eruption occurs ther^ unnoticed. 

Def, Yolcanos not arranged in lines or zones, are called 
central volcanos, and are more or less insulated. 

Exam, Iceland, the Sandwich Islands, Society Islands, 
Island of Bourbon, Jorullo in Mexico, and a region m Central 
Asia, of 2500 square geographical miles, from 800 to 1200 miles 
from the ocean. Dt la Beche^s Theoretical Geology, p. 130. 

Descr. The number of active volcanos and soLfataras on the 
globe, is estimated at a little over 300 : (303) Considerations 
Generales sur les Volcans, ^e, par M. J. Girardin, p. 28. Paris, 
1831, and the number of eruptions about 20 in a- year, or 2000 
in a century : though on both these points there is room for 
considerable uncertainty. 

The following table will show how the active volcanos and solfataras are 
distributed on the globe. . 





On 


On 






Continents. 


Islands. 


Total 


Europe, 


4 


30 


24 


Africa, 


2 


9 


11 


Asia, 


17 


29 


46 


America, 


86 


'28 


114 


Oceanica; 


• 


108 


108 



Total. 



I 



109 



194 



I 



303 



Descr. 194 of these volcanos, or about two thirds, are 
situated upon the islands of the sea: and of the remaining 
third, the greater part are situated upon the borders of the sea, 
or a little distance from the coast. GirardirCs Consider aiionSy 
^c, p. 25. 

Inf. Hence it is inferred that water acts an important part 
in volcanic phenomena: indeed, it seems generally admitted 
that the immediate cause of an eruption is the expansive force 
of steam and gases. It ought not to be forgotten, however, 
that some volcanos are far inland : as Jorullo in Mexico, and 
the volcanos in central Asia. 



Intermittent Volcanos. 

De^cr, Only a few volcanos, are constantly active*, in most 
cases their operation is paroxysmal ; and is succeeded by longer 
or shorter intervals of repose. This interval varies*from a few 
months to seventeen centuries. In the Island of Ischia, the 
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latter period has been known to interyene between two erup- 
tions. 

Inf, Henee some of the volcanos of America, generally re- 
arded as extinct, (as Chimborazo, and Carguairazo in Q,aito, 
'acoza in Peru, and Nevado de Toluca in Mexico,) may vet 
break forth and show themselves to belong to the class of active 
volcanos. 



f 



Pheiwmena of an Ervftion. 

Descr. A volcanic eruption is commonly preceded by earth 
quakes in the vicinity ; stillness of the air, with a sense of 
oppression ; noises in the mountain ; and the drying up of 
fountains. The eruption commences with a sudden explosion, 
followed by vast clouds of smoke and vapor, with flashes of 
lightning, and showers of ashes and stones ; and finally by red 
hot lava ; which flows over the rim of the crater and spreads 
over the surrounding country. 

Descr, Probably the most remarkable eruption of modern 
times took place in 1815, in the island of Sumbawa, one of the 
Molucca group. It commenced on the 5th of April, and did 
not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction. 7^0 miles dist|tnt. So 
heavy was the fall of ashes at the distance of 40 miles, that 
houses were crushed and destroyed b^ieath them. Towards 
Celebes, they were carried to the distance of 217 miles; and 
towards Java, 300 miles, so as to occasion a darkness greater 
than that of the darkest night. On the 12th of April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
and ships were forced through them with difficulty. Large 
tracts of country were covered by the lava : and out of 12.000 
inhabitants on the island, only 26 survived. 

Descr. During the great eruption of the volcano of Cosi- 
guina in Guatimala, on the shores of the Pacific, in 1835, ashes 
fell upon the island of Jamaica, 800 miles eastward : and upon 
the deck of a vessel 1200 miles westward. American Journal 
of Science^ Vol, 33. p, 53. 

Descr. The situation of Vesuvius and Etna has made their 
history better known than that of most yolcanos. Eighty one 
eruptions of the latter are on record, since the days of Tnucy- 
dides ; and thirty seven of the former, since the first century 
of the Christian era. That which occurred in Vesuvius A.D. 
79, is best known, from the fact xnt^t it buried thr^* citiea Her- 
culaneum^ Pompeii, and Stabiae ; which were flourishing at its 



TOLCANIC XRUPTtONS. 22d 

base. Not nracli melted lava appears to KaTe been thrown out 
at the eruption, which consisted chiefly of lapilli, sand, and 
stones. Hence it is, that almost every thing enveloped in those 
cities;-^reets, houses, inscriptions, papyri, (manuscripts,) grain, 
fruit, bread, condiments, medicines, he. &c. are in a most per- 
fect state of preservation. They are, indeed, perfect examples 
of fossil cities ! Lyell^s Prin. Geol. Vol. 2. p. 189. Dr, JameM 
Johnson^ s Philosophy of Travellings p. 232. 

Rem. The vaM quantity of aqueous vapor that escapes during a volcanie 
eruption, is often condensed and descends in torrents of rain, which falling 
upon the ashes, which the vokuino has cast out, conrerts them into mud ; 
and it was probably mostly mud that enveloped Pompeii, though Hercula- 
neum appears to have been covered with meitc^ matter. Mud ready formed, 
however, not unfrequently is emitted from volcanos. 

Descr. In the year 1759, in the elevated plain of Malpais 

in Mexico, which is from 2000 to 3000 feet above the ocean, 

and at the distance of 125 miles from the sea, a volcanic erup' 

tion took place, producing six volcanic cones ; now varying in 

height from 200 to 1600 feet. Around these cones, and Gover* 

ing several square miles, are a multitude of small cones, from 

6 to 2 feet high, called hornitos, which continually give off hot 

aqueous vapor and sulphuric acid. 

Bern. There is still a diversity of opinion as to the manner in which vol- 
canic cones are formed. Yon Buch, the distinguished Prussian geologist, 
maintains that a large part of the cone is produced by the upheaving of the 
strata, and that the crater, which in such cases he calls a crater ofekvaiionf 
results from the fracture at the summit. Upon this elevated mass lava accu- 
mulates. Other geologists suppose the cone to be entirely formed of lava. 

Descr. Sometimes during a violent eruption, the whole 

mountain, or cone, is either blown to pieces, or falls into the 

gulf beneath, and its place is afterwards occupied as a lake. 

Exam, 1. In 1772, the Papandayang, a large volcano in the island of 
Java, afler a short and severe eruption, fell in and disappeared over an extent 
15 miles long and 6 broad ; burring 40 villages, and 2957 inhabitants. 2. 
In 1638, the Pic, a volcano in the island of Timor, so high as to be visible 
300 miles, disappeared, and its place is now occupied by a lake. 3. Many 
lakes in the soutn of Italy are supposed to have beien thus formed ; and this 
is probably the origin of the Dead Sea in Palestine, of lake Ooroomiah in 
Persia, dec. BakevjeWs Geology ^ p. 265. 4. A volcano occupying the same 
spot, as the presi^nt Vesuvius, is supposed thus to have been destroyed in 79, 
and its remains to constitute the circular ridge, called Somna, which is seve- 
ral miles in diameter. 

Dynamics of Volcanic Agency. 

Prin. We can form an estimate of the power exerted by 
volcanic agency, from three circumstances : first, the amount of 
lava protruded : secondly, from the distance to which masses 
of rock have been projected: and thirdly by calculating the 

20 
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force tequisite to raise lava to the tops of existing craters from 
t^eir base. 

Deser, Vesuvius, more than 3000 feet high, has launched 
scoria 4000 feet above the summit. Cotopaxi, nearly 18.000 
feet high, has projected matter 6000 feet above its summit ; and 
once it threw a stone of 109 cubic yards in volume, to the dis- 
tance of nine miles. 

Descr, Taking the specific gravity of lava at 2L8, the fdlowing table will 
show the force requisite to cause it to flow over the tops of the severiil vol- 
cauos, whose names are given, with their height above the sea. The initial 
velocity which such a force would produce, is tdso given in the last column. 



Name. 



Height 
in feet. 



Force ex- 
erted upon 
the Lava. 



Initial ve- 
locity per 
second. 



Stromboli, highest peak,) 2168 

Vesuvius, 3874 

JoniUo, Meneo, 2942 

Hecia, Iceland, 5106 

Etna, 10892 

Teneriffe, 12464 
Mouna Kea, Sandwich Isles, 14700 

Popocatapetl, Mexico, 17712 

Mount Elias, 18079 

Cotopaxi, auitO) 18869 



176 Atmospheres. 371 feet. 

314 496 

319 502 

413 570 

882 832 

1009 896 

1191 966 

1435 1062 

1465 1072 

1492 1104 



Rem. There can be but little doubt but the chimney of a volcano ex> 
tends generally as much below the level of the sea, as it does above ; and 
often probably fifty times as deep : so that the actual force pressing upon 
the lava ih its reservoir, may be far greater than the second column of th« 
preceding table represents : and the initial velocity much greater than in the 
third column. 

Descr. The amount of melted matter ejected from Vesuvius 
in the eruption of 1737, was estimated at 11.839.168 cubic 
yards: and in that in 1794, at 22.435.520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In 1660, the amount of lava was 20 
times greater than the whole mass of the mountain ; and in 
1669, when 77.000 persons were destroyed, the lava covered 84 
square miles. Yet the greatest eruption of modern times was 
from Skaptar Jokul in Iceland, in 1783. Two streams of lava 
flowed in opposite directions ; one of them 50 miles long and 
12 broad ; and the other 40 miles long and 7 broad : both hav- 
ing an average thickness of 100 feet : which was sometimes in- 
creased to 500 or 600 feet Twenty villages and 9000 inhabi- 
tants were destroyed. LyeUs Prin. GeoL Vol. 2. p. 254. 
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New Islands formed by Volcanic Agency, 

Descr. History abounds with examples of new islands rising 
out of the sea by volcanic action. Such were Delos, Rhodes, 
and the Cyclades, situated in the Grecian Archipelago, and de- 
scribed by Pliny the naturalist, and other ancient writers. In 
more modern times, small islands have risen in the Azore group : 
such as Sabrina in 1811, which was 30Q feet high, and a mile 
in circumference : but after some months it disappeared : ano- 
ther in 1720, was six miles in circumference. In 1707, the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Just before the great eruption of Skaptar 
Jokul in Iceland in 1783, a new island appeared off the coast; 
which, however, subsequently disappeared. In 1796, a new 
island rose to the height of 350 feet ; having two miles of cir- 
cumference, in the Aleutian group, east of Kamtschatka, which 
is permanent. In 1806 another permanent island rose in the 
same vicinity, four geographical miles in circumference. In 
the same archipelago, in 1814, another peak arose, which was 
3000 feet high ; and which remained standing a year afterwards. 
In those cases where the cone does not smk. back beneath the 
sea, it is probably composed of the more solid lavas, such as 
trachyte, or basalt. So late as 1831, a new island appeared 
near Sicily in the Mediterranean, riidng to the height of 220 
feet, and after exhibiting volcanic phenomena for sometime, it 
disappeared. Girardin Considerations^ Src, sur les Volcans, p» 
31 — Poulett Serope^s Considerations on Volcanos, p. 172, Lour 
don, lS25—Li/eir$ Prin. Geol. Vol. 1. p. 288. BdkewelVs 
Geology, p. 261. 

Rem. 1. In somd instances the islands thua raised, are composed mainly 
of the rocks which form the bottom of the sea ; and which has been up- 
heaved ; as the island of New Kamenoi, near St. EIrini, which rose in 1707, 
and which was composed partly of limestone and covereid with living shells. 

Hem. 2. These islands are not always raised to their full height by a sin- 
gle paroxysm of the volcanic force ; bat by a succession of efforts for months 
and even yean. 

Descr. Very many large islands appear to be wholly, or 
almost entirely, the result of volcanic action ; and to be com- 
posed chiefly of lava and rocks upheaved by volcanic action ; 
such as sanastone and limestone : ex. gr. the Sandwich Islands : 
of which Hawaii, the lai^st, contains 4000 square miles of sur- 
face and rises 18 000 feet above the ocean : Teneriflfe, 13.000 feet 
high : Iceland, Sicily, Bourbon, St. Helena, Tristan d'Acunha, 
the Madeira, Faroe and Azore Islands ; a great part of Java, 
Sumatra, Celebes, Japan, he 
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Character of Molten Lava, 

Descr. Lava in general is not very tkorougKlj melted ; so 

that when it moves in a current over the country, its sides 

form walls of considerable height, and a crust soon forms over 

its surface, which serves still more to prevent its spreading, out 

laterally. 

- JHem. Hence a lava cttrrent may be deflected from its oourae by bireakine 
away its crast on one side: and in this way it has sometimes been tarned 
away from towns that wero threatened by it* In one instance^ the inhabit- 
ants of Catania attacked a lava current and turned it^ towards Paterno; 
whose inhabitants took up arms and arrested the operation. l/yeWs Prin, 
Choi. Vol. 2. p. 213. 

Descr. The crust that forms upon lava soon becomes a good 
non-conductor of heat ; and hence the mass requires a long time 
to cool: ex. gr. the case of JoruUo in Mexico, 1600 feet high, 
which was ejected almost 100 years ago, but is not yet cooL 
The lava thrown out of Etna m 1819, was in motion, at the 
rate of a yard in a day, nine months after thd eruption : Scrope 
on Volcanos, p. 101. and it is stated that lava from the same 
mountain, at a previous eruption, was in motion after the lapse 
of 10 years, Ve La Beckys Theoretical Geology^ p. 135. 

Rem. This explains a curious fiict In 1838, a mass of ice. was ibund 
on Etna, lyinff beneath a current of lava. Probably before this flowed over 
it, the ice might have been covered by a shower of vdcanic ashes ; which 
are a good non-conductor of heat ; and might prevoit the immediate melting 
of it;, while the superimposed lava has preserved it from the period of its 
eruption to the present. 

Descr, When lava is thrown out upon the dry land, with 
only the pressure of the atmosphere upon it, it is apt to become 
vesicular and scoriaceous': but when cooled slowly and under 
great pressure, it becomes compact and may be even crystalline. 

Volcanos constantly Active, 

Descr. A few volcanic vents have been constantly active 
since they were first discovered. They always contain lava in 
a state of ebullition; and vapors and gases are constantly 
scaping. 

Exam. 1. StromboU, one of the Lipari Islands, has been observed longer 
probably than any volcano of this class; and for at least 2000 years 
it has been unremittingly active. The lava here tiever flows over the top 
of the crater : though it is sometimes discharged through a fissure into the 
sea, kilting the fish, which are thrown upon the shore ready cooked. It is 
said to be more active in stormy than in fair vreather; likewise more so in 
winter than in summer: a fact explained by the different degrees of pressure 
exerted by the air upon the lava at different times. When the air is light, 
die internal force predominates ; but when heavy, it restrains the energy of 
the volcano 
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Exam. 2. In lake Nicaragaa is a Tolcano which is constantly barning 
V'JIarica in Chili, so high as to be seen 150 miles, is never quiet. The 
same is said to be the case with Popocatepetl, in Mexico, whicn is nearly 
18.000 feet high. £ver since the conquest of Mexico it has been pouring 
forth smoke. GirardiiCs QmsideraiiimSj d^. p. 188. 

Exam. 3. But the most remarkable volcano on the globe 
is that of Kirduea or Kilauea, in the Sandwich Islands, on 
Hawaii ; for the first accurate account of which we are indebted 
to American missionaries. - American Jour, of Science, Vol. 11, 
f, 1, and 362. Rev. Messrs. Stewart and EQis, the first an 
American, and the latter an English missionary, have both 
given us most graphic and thrilling descriptions of it. It ap- 
pears to be situatea upon a plain 8000, or 10.000 feet above the 
ocean ; and at the foot of Mouna Roa. In approaching the 
crater, it is necessary to descend two steep terraces, each from 
100 to 200 feet high, and extending entirely around the volcano. 
The outer one is 20 and the inner one 15 miles in circum* 
ference ; and they obviously form the margin of vast craters, 
formerly existing. Arrived at the margin of the present crater, 
the observer has before him a crescent shaped gulf, 1500 feet 
deep ; at whose bottom, which is from 5 to 7 miles in circum- 
ference. the top being from 8 to 10, is a vast lake of lava, in 
some parts molten, in others covered with a crust; while in 
numerous places (some have noticed as many as 50 at once,) 
are small cones, with smoke and lava issuing out of them from 
time to time. Sometimes, and especially at night, such masses 
of lava are forced up, that a lake of liquid fire, not. less than two 
miles in circumference, is seen dashing up its angry billows, and 
forming one of the grandest and most thrilling objects that the 
imagination can conceive. Fig. 114, is a view of this volcano 
taken by Mr. EUis. 

Rem. A powerful eruption of this volcano took place in May and June, 
1840. For several years the great galf had been eradually filling up until it 
Was not more than 900 feet deep. At length the lava found a subterranean 
passage, and flowed 8 miles unaer grount^ when it reached the surface, and 
then advanced 32 miles further ; and for three weeks continued to pour into 
the sea a stream of red hot lava with frightful hissings and detonations. 
Missionary Heraid for July^ 1641. Account by Rev, Mr, Coan, American 
Missionary, 
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Fig. 114. 



Vokatto of Sirauea : Saitdmch latandi. 

Seat of Volcanic Power. 

PHn. Volcanic powei must b« deeply seated beneath ths 
earth's crust. 

Proof. 1. The melted lava is forced out from beneath th« 
oldest rocks ; aa ^eiss and srsnite : for masGes of these rocka 
are frequently broken off and thrown out. 2, lines or trams 
of Toleanos indicate some connection between the vents ; and 
the great length of these lines, several thousand miles in some 
instances, ran be explained only hy supposing that the fissure 
or cavity by which the connection ia made, must extend to a 
great depth. 3. When in 1783, a sahmarina volcano, on the 
coast of Iceland, ceased to eject matter, immediately anothai 
broke out 200 miles distant, in the interior of the island. 4. 
Were not the power deep seated, volcanos would become ex- 
hausted; as they sometimes throw out more matter at a single 
eruption, than the whole mountain melted down could supply. 

Earthquakes. 

Deser. Eartbquakea almost always precede a volcanic erup- 
tion ; and cease when the lava gets'vent. 

Inf. 1. Hence the proximate cause of earthquakes ia obvi- 
ous : vii. the expansive efforts of volcanic matter, confined lw> 
netth the earth's surface. 
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Inf, 2. Hence too the ultimate cause of volcanos and earth- 
quakes, is the same : whatever that cause mSiy be. 

Descr, Earthquakes are said tp be preceded by great irre- 
gularities of the seasons ; by redness of the sun, haziness of 
the air, violent winds, succeeded by dead calms, and the like ; 
but it is doubtful, whether these precursors be not more ima- 
ginary than real. That electric matter, or inflammable gas, 
or fire, should issue from the soil with mephitic vapors ; tLat 
noises, like the trundling of carriages, and the dilBcharge of ar- 
tillery, should be heard beneath t£e ground ; that something 
like sea sickness should be experienced; and that animals- 
should show greater alarm than men, are all easily believed ; 
because they are efiects naturally residting from the known 
phenomena. 

Descr. During the paroxysm of the earthquake, heavy 
rumbling noises are heard; the ground trembles and rocks; 
fissures open on the surface, and again close ; swallowing up 
whatever may have fallen into them; fountains are dried up; 
rivers are turned out of their courses ; portions of the surface 
are elevated and portions depressed ; and the sea is agitated and 
thrown into vast biUows. 

Exam, The cases that might be mentioned, of cities and towns, wholly 
or in part submerged by the ocean, in consequence of earthquakes, are very 
numerous. In the year 876, Mount Acraces is said to have fallch Into the 
sea: in 541, Pompeiopolis was half swallowed up: in 1692, a part of Port 
Royal in the West Indies was sunk : in 1755, a part of Lisbon : in J 812, a 
part of Caraccas. About the same time numerous earthquakes agitated the 
valley of the Mississippi, for an extent of 300 miles, from the mouth of the 
Ohio, to that of the St. Pran(Jis; whereby numerous tracts were sunk down 
and others raised, lakes and islands were formed, and the bed of the Missis- 
sippi was exceedingly altered. In 1819, the bed of the Indus, at its mouth, 
was sunk 18 feet, and the village and pbrt of Sindree submerged. At die 
same time a tract of the delta of the Indus, 50 miles long and 16 broad, was 
elevated about 10 feet. In Caraccas, in 1790, a forest was sunk over a space 
of 800 yards in diameter, to the depth of 80 or 100 yards. In 1783, a large 
part of Calabria was terribly convulsed by earthquakes, over an area of 500 
square miles. The shocks lasted for fi>ur years : in 1783, there were 949, 
and in 1784, 151. A vast number of fissures of every form were made in 
the earth, and of course a great many local elevations and subsidences; 
which, however, do not appear to have exceeded a few feet. In some sandy 
plains, singular circular hollows a few feet in diameter, and in tho form of 
an inverted cone, were produced by the water, which was, forced up through 
the soil. Some of these are exhibited on Fig. 115. 

Rev. Mr. Parker has described a remarkaUe subsidence, 20 miles jn length, 
and a mile in width, just above the falls in Cplumbia river. Through this 
whole distance the trees are standing in the bottom of the stream, at an aver- 
age depth of twenty feet ; only that part of them above high water mark be- 
ing broken off. He could discover no evidence that this tract had separated 
from the bank of the river. But the whole r^on appears to be on^ of ex- 
tinct volcaao«| and the river paMes through mils and walls of basalt, and 
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moct probaUf this a *,C>*e ot lulnidenee from »a urtTiquilc. The bank* 
are too high and rocky to ailmit of the tipluation tb«l > lake bu been 
booed hy the river cutting throush iu Uwe, lad oierBoiriDg the odJMcnt 
low pvniid, whereby, along tlie MiSBiuipfn, ft like with treei UftndiiiB in it, 
M eometioiCT -produced Parker's Exploring Tout beymd the Rocky Mmm- 
Uant, p. 133. 

Fig. 115. . 



The moet exteiuiTe eleTHtion of land on record bj meani of aaithqaikea, 
tcA ^ftce on Itie neitem coaet of i^outh America in 1832, The (hock nai 
felt 1300 milea ilong the coast : and for more than 100 miles the coaat was 
elevated from 3 to 4 feet | Mid it is conjectured ihat an area of 100.000 
■quare mile* waslhui raited up. This ease, originally noticed by Mn. Gra- 
ham, and Eubteqiienlly by Dr. Heyen and Mr. Freyer, hai ticileil a great 
deal of diacuasion among European geologieU; nor can It yet be rcgardeii ai 
abMilutely letlled ; for Mr. Cuoiming, an able naturalial, who resided at Val- 
pamiHO nt the time of tlie earthquake, (whose grealeat powpr was eihibited 
there,) aaya (hat the ipring lidea rose to the same height upon a wall near 
hU house after the event ai before. tytU'i Prin. Geoi Vi.1. 2. p. 303. 

Jtfm. I. In entimatinj; the permanent efTecti of eaithquakee, it oucht ti> 
be recollected that the change* of level which they produce, oflen bSanca 
one another, after the lapse of i. few montlia or years. 

Pfm. 3. The number of earthquakee ia probably about the same aa thai 
of Tokaoic eruptions, vii. about SO aonually. 

Verlical movtmenls of Land -urilhoul Earthqaakei. 

DeicT. It seems to be pretty well eatablisbed, that varioai 
parts of our present coiitiiieitts ue subject to TMtical mopo- 
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ments, either of elevation or depression, or of both, in alterna- 
tion ; and that too in districts not known to be subject to the 
action of earthquakes, or of volcanic agency in any form. 

Exam, 1. The most certain example of elevation of an extefisive tract 
«f country in comparatively recent times, ia that of the northern shores of 
the Baltic, investigated with great ability by Von Buch and Lyell. Some 
parts of the coast appear to have experienced no vertical movement. But 
from Gothenburgh to Torneo, and from thence to North Cape, a dis- 
tance of more than 1000 eeographical miles^ the cottntry an)ears to have 
been raised up from 100 to ^00 feet above the sea. The breadth of the re- 
gion thus elevated is not known, and the rate at which the land rises Hn 
9ome places towards 4 feet in a century^ is different in different places. Tne 
evidence that such a movement is takmg plaoe, is prindpally derived from 
the shells of moUusca now living in the Baltic, being found at the elevations 
above named ; and some of the bamacks attached to the rocks. They have 
been discovered inland in one instance 70 miles. LA/eWs Prin. Geol, Vol, 
l.p.43rt. 

2. Several examples are quoted in England of elevated sea beaches with 
the remains of shells; s«ch as now occur in the ocean. Also in Italy; at 
the Cape of Good Hope ; and in the West Indies. But I may be permitted 
to doubt whether some of these cases are not rather to be explained by depo- 
sitions during the glacio-aqueous period ; since clay and sand of great thick- 
ness were then deposited. Yet Prof. Phillips says, thai in most of the cases 
nnder consideration, the sea shells occur beneath the drift. If so, must It 
not be quite difficult to distinguish the formation from the most recent ter- 
tiary 1 3. On the margin of Lubec Bay in the state of Maine, Dr. C. T. 
Jackson describes a deposit of recent shells, in clay and mud, with the re- 
mains of balani attached to the trap rock, 26 feet above the present high 
Water mark. First Report on the Geology of Maine, p. 18. 4. A remarkable 
case of subsidence seems pretty well established as having occurred on the 
coast of Greenland for a distance of 600 miles north and south. lyyelTs 
Prin. Oeol. Vd. 1. p. 420, 474. 5. The history of submarine forests fur- 
nishes another example of subsidence. But this phenomenon deserves a 
fuller description. 

Submarine Forests, 

Descr. On the shores of Great Britain, France, and the 
United States, usually a few ieet beneath low water mark, there 
occur trees, stumps, and peat, seeming to be ancient swamps, 
which have subsided beneath the waters, sometimes to tne 
depth of 10 feet. In many cases the stumps appear to stand in 
the spots where they originally new ,* yet it requires great care 
to ascertain this fact. For localities^ see De La Beckers Mantial, 
p. 151. LyeWs Prin. Geol Vol. 2. p. 46. 80. Vol. 3. p. 315, 
and Vol. 2. p. 140. Final Report on the Geology of Massachu- 
setts, p. 307. 

Origin of Submarine Forests. It is probable that this phe- 
nomenon results from several causes. 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the soft spongy matter of the swamp^ sufficient to bring 
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it under water. 2. From a case which I have described on 
Hogg Island, in Casco Bay. Boston Journal of Natural Hit- 
tory^ Vol. 1. p, 338. I have inferred that some submarine 
forests may have been produced by the gradual removal of the 
contents of a peat swamp, by the retiring tide, after the barrier 
between it and the ocean has been removed so as to form a 
slight slope into the sea. At the spot referred to, the process 
may be seen partly completed. 3. But probably most subma 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to have operated on the earth's su^ 
face : and the explanation of which will be better understoocl 
after the statement of more facts relating to igneous agency. 

Thermal Springs. 

Descr, Hot springs are very common in the vicinity of 
volcanos : such as the well known geysers in Iceland. Some 
of these are intermittent, probably in consequence of the agency 
of steam within subterranean cavities. The great geyser con- 
aists of a basin 56 by 46 feet in diameter ; at the bottom of 
which is a well 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with water in a state of ebullition : but occa- 
sionally an eruption takes place, by which the water is thrown 
up from 100 to 200 feet, until it is all expelled from the well, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution ; as do those ,of the Azore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that cettain, rivers and lakes possess the 
power of rapid petrifaction. 

Descr, Thermal springs are not confined to the vicinity of 
volcanos. They occur in every part of the globe ; and rise out 
of almost every kind of rock. They frequently contain enough 
of mineral substances to constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbonic acid, nitrogen, oxygen, sulphureted hydrogen, 
&c. in a free state. 

Theory of Thermal Springs. When these spring occur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heated 
by the volcanic furnace below, and impregnated with salts and 
^ses by the sublimation of matter from the same focus. Dr. 
Daubeny, who has devoted great attention to this subject, has 
also^ endeavored to show that the thermal springs not in vol- 
canic districts, in a large majority of cases rise either from the 



XXTINCT yOLCANO«. 299 

Yieinity of some uplifted chain of mountains, or from clefts and 
fissures caused by the disruption of the strata ; and therefore, 
in all such cases are probably the result of deep seated volcanic 
agency, which may have been long in a quiescent state. If 
this view of the subject be not absolutely proved, it is at least 
extremely probable. Report on Mineral and Thermal Waters, 
by Prof, Dauhenyy 1836, p. 62. 

Extinct Volcanos. 

Descr, Many writers maintain that there is a marked dif- 
ference between the matters ejected from active and extinct vol- 
canos. It is said that the more modern lavas have a harsher 
feel, are more cellular, and more vitreous in their appearance, 
and also less felspathic than the ancient. Girardin^s Consideror 
tlons sur les Volcans^ p. 13. De La BeMs Manual p. 126. 
But it is doubtful whether any character will satisfactorily dis- 
tinguish them, except the period of their eruption. 

Descr, The extinct volcanos are of very different ages. 
Some of them were active during the tertiary period, some dur- 
ing the glacial period ; and some since that time. The lava, 
especially in the most ancient, was not always ejected from 
conical elevations, so as to form regular craters, but alone ex- 
tended fissures. In some instances, as in a mountain called the 
Puy de Ch Opine in Auvergne, which stands in an ancient crater, 
and rises 2000 feet above an elevated granitic plain, itself about 
2800 feet above the sea, there i? a mixture, of trachyte and un- 
altered granite. 

Exam. I. The extinct volcanos of Auvergne, and the south of France, 
have lone excited deep interest ; and have been fully illustrated by Scrope, 
BakewelT, and others. Near Clermont, the landscape has as decidedly a 
volcanic aspect as in any part of the world ; of whicQ Fig. 116 will convey 
some idea. 

Fig. 116. 




Extinct Volamoe: Auvergne. 



2. Extinct volcanos exist also in Spain, in Portugal, in Germany, alons 
the Rhine, in Hungary, Styria, Transylvania, Asia Minor, Syria, and Pal- 
estine. To the oast of Smyrna in Asia Minor, is a region called the Burnt 
District^ (Katakckaumena of the Greeks,) because it shows such striking 
marks of extinct volcanos. In the valley of the Jordan, especially around 
Uke Tiberias, extending as far northwest as Safed, volcanic rock« abound. 
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with warm springs and occasional earthquakes. RebvntoaCs amd Smithes 
Biblical Researches in Palestine^ 4^. Vol. 3. p. 312. 

Descr, That the region occupied hy the Dead Sea has heen some time or 
other the seat of volcanic action, can hardly he doubted. For a lake so 
charged with saline matter as this, and producing bitumen, and having more- 
over cliffs of rock salt upon its margin, with sulphur occasionally, and being 
probably depressed more than 500 feet below the level of the Mediterranean, 
must be referred to such an agency. Robinsoik/^nd Smithy Vol. 2. p. 221. 
And it has been Usual to suppose that the fiift ancient cities, Sodom, Go- 
morrah, Admah, Zeboim, and Zoar, which undoubtedly occupied what is 
now the southern part of the Dead Sea, were destroyed by a volcanic erup- 
tion. There is a passage in the Book of Job, TChap. 22, v. 15 to 20.) which, 
if it refer to that catastrophe, lends much probability to this supposition. Dr. 
Henderson thus translates the passage. 

" Hast thou observed the ancient tract 
That was trodden by wicked mortals, 
Who were arrested on a sudden ; 
Whose foundation is a molten flood 1 
Who said to God, depart from us, 
What can Shaddai do to us 1 
Though he had filled their houses with wealth. 
(Far rrom me be the counsel of the wicked !) 
The righteous beheld and rejoiced. 
The innocent laughed them to scorn : 
Surely their substance was carried away, 
And their riches devoured by fire.*' 

Rem* It may still be doubted whether an eruptttm has taken place in the 
vicinity of the Dead Sea so recently as the time of the overthrow of the 
cities of the plain. Indeed, my own convictions are, after reading the ac- 
counts given us by modern travellers and missionaries, especially by Robin- 
son and Smith, th«t this region is to be ranked among tKe extinct, and not 
among the active volcanos. Dr. Robinson states that the rocks which con< 
stitute the mountains around the Dead Sea, are limestone, and says that " he 
is not aware that the dark basaltic stones so frequent around the lake of Ti- 
berias have even been discovered in its vicinity,'^ except a large specimen of 
aiigitic vesicular lava, found by Rev. Mr. Hebard, near the mouth of the 
Jordan. Researches, 4^c. Vol. 2. p. 221. I possess, however, a specimen of 
dark porous lava, presented to me by the Rev. Mr. Homes with tliia label : 
*' from a mound once surrounded by water on the shores of the Dead Sea." 
I understood from that gentleman, who, himself, picked up the specimen, 
that the mound; or hummock, was composed of the same. It is impossible, 
however, to determine from the appearance of a single specimen, whether it 
is the product of an active or an extinct volcano, or whether it may not 
belong to a still earlier period. It does prove, however, that igneous rocks 
have been protruded near the Dead Sea at a comparatively recent epoch. 
The specimen found by Mr. Hebard, of which I possess also a firagment, is 
more aecidedty vesicular than I have ever seen any greenstone or basalt 

Descr. "Frofessors Michaelis and Busching suggest, that Sodom and 
Gomorrah were buiJt upon a mine of bitumen, that lightning kindled the 
combustible mass, and that the cities sunk in the subterranean conflagra- 
tion." Encyc. Relig. KiuncUdge, Art.^Dead Sea. Messrs. Robinson and 
Smith have recently sugsrested this hypothesis anew, and more fully illus- 
trated it, by reference to the pitch lake of Trinidad, and the remarkable pro- 
trusion of an unmelted basaltic dyke in 1820, in the island of Honda. Am 
Bib, Repos. Jan, 1840, p. ^ also BiMical Researches in PaletHne, tf-c, VoL 
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2. p. 669. See Objedums to this hypothesis by Dr. Lee, Am, Bib. Repos, 
Ajnil. 1840, p. 324. The principal difficulties in the waj of this hypothesis 
ar^ nrst. to see how the bitumen, buried beneath a considerable thickness of 
soil, could have burnt rapidly enough suddenly to destroy the cities and 
their inhabitants ; and secondly, to conceive of a bed of bitumen so thick, 
as by its combustion to sink the surface from the present high water mark 
to tne bottom of the sea. Dr. Robinson describes the high water mark 
as seen by him '* a great distance," south of the margin of the Sea at that 
time. l*he surface, therefore, must have sufiTeredT a great depression. 
Would it not somewhat relieve these difficulties to suppose volcanic action 
combined with the combustion of the bitumen. No geologist will doubt the 
correctness of Von Buch's opinion, that a fault extends from the Red Sea 
through the valley of Arabah and the Jordan to mount Lebanon ; and 
along that fissure we might expect volcanic agency to be active. But it 
mishit have produced very striking efiects without the ejection of lava. 
Earthquakes sometimes cause the surface to sink down many feet, and 
flames have been seen to issue through the fissures which they produce. 
Thus might the slime pits (literally wells of asphaltum^) have been set on 
fire, immense volumes of steam, smoke, and suffocating vapors have been 
set at liberty, perhaps, too, the remarkable rid^e of rock salt called usdum, 
have been protruded, and finally, by the subsidence of the surface aAer the 
destruction of the cities, might the waters of the lake, have flowed over the 
spot. In a similar manner was the city of Euphemia, in Calabria, destroyed 
in 1638. " After some time," says Kircher, who was near the spot, *' the 
violent paroxysm (of the earthquake) ceasing, 1 stood up, and turning my 
eyes to look for Euphemia, saw only a frightful black cloud. We waited 
till it had passed away, when nothing but a dismal and putrid lake was to 
he sren, where onoe the city stood. Dr. Robinson has, indeed, made it 
almost certain that the Dead Sea existed before the catastrophe of Sodom, 
and that the Jordan, before that period, did not flow through £1 Ghor and 
Arabah into the Red Sea ; but a sinking down of the surface a few feet 
at that time» is not inconsistent with these facts. But I will not enlarge 
further on a subject so difficult Nor should I have said so much, had I 
not read the very accurate descriptions of that country by Messrs. Robin- 
son and Smith. 

Desc. According to Prof Parrot, Mount Ararat in Asia, is an extinct 
yolcax)o. A specimen sent me by Rev. Justin Perkms from that moun- 
tain is. decidedly vesicular lava. 

Descr. A large proportion of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos : and it is very 
probable, from the statements of Rev. Mr. Parker and others, that a vast 
region between the Rocky ftflountainaand the Pacific Ocean is of the same 
character. For although he describes the prevailing rock as basalt, and 
only incidentally aHudes to volcanic cones and craters, yet in personal con- 
versation he assures me that regular craters are not unfrequent ;^ and hav- 
ing shown him specimens of trachytes from the continent of Europe, he 
at once identified them with rocks found associated with the basalt of 
that region. 

Descr. The size of ancient volcanic cones and craters was 

often very large. 

Exam. In the middle and southern parU of France, extinct volcanoi 
cover several thousand square miles. Between Naples and Cumea, in the 
i»;>aceof 200 square miles, according to Brieslak, are GO cratera; some of 
them larger than Vesuvius. The city of Cumea has stood three thousand 
years in a crater of one of these volcanos. Vesuvius stands in the midft 
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of a vast crater, whose remains are still Tisible, called Somna. Tlie vol- 
canic peak of Teneriffe stands in the centre of a plain, covering 108 square 
miles, which is surrounded by perpendicular precipices and mountainSi 
which were probably the border of the ancient crater. According to Hum- 
boldt, all the mountainous parts of Cluito, embracing an area of 6^00 square 
miles, imay be considered as an immense volcano, which now gets vent 
sometimes through one, and sometimes through another of its elevated 
peaks ; but which must have been more active in former times, to have 
produced the results now witnessed. We have seen that the ^rcat volcano 
of Kirauea, on the Sandwich Islands, is surrounded by two circular walls, 
one 15 and the other 20 miles in circumference *, which must have marked 
the limits of the crater in early times. Two other ancient craters exist in 
the island of Maui, one 24 and the other 27 miles ia circuit. Cauthoy on 
Carol FornuUionSy p. 9. 

Inf. From such facts it has been inferred by many geolo- 
gists, ^ex. gr. Poulett Scrope, Bakewell, Phillips, Brongniart, 
Girardm, &c.) that volcanic agency in early times was more 
powerful than at present ; and that it is gradually diminishing. 
Mr. Lyellj however, considers this view as entirely erroneous ; 
and quotes the eruption from Skaptar Jokul, in 1783, as equal- 
ling any that is known to have occurred in ancient times. 
Lyelts Prin. Gtgl Vol. 2. f. 254. 

The Older Unstraiified Rocks. 

Rem, So rapid has been the change of opinion respecting the origin of 
the unstratified rocks, that from an almost universal belief in their deposi- 
tion from water, gecdogists are now nearly or quite unanimous in ascrib- 
ing them to igneous agency. A brief summary of the arguments that aus- - 
tarn this latter opinion, will be, therefore, all that is now necessary to 
present. 

Prin. The different unstratified rocks appear to be the re- 
sult of volcanic agency, exerted at different periods under dif- 
ferent circumstances. 

Proof L Identity of lithological characters between recent 
lavas and several i^arieties of unstratified rocks. The amygda- 
loids of the trap rocks often exactly resemble those vesicular 
lavas, which are cooled in the open air : while the compact trap 
rocks can scarcely be distinguished from the compact lavas oF 
submarine production. Some varieties of trachyte very much 
resemble granite ; and the two rocks often pass insensibly into 
each other: so that it is difficult to say woether trachyte be 
melted granite, or a portion of the Jnaterials out of which granito 
was originally produced, cooled in a different manner. 

Proof 2. The insensible gradation of the different unstrati^ 
fied rocks into one another. In the same continuous mass we 
find a gradual passage from trap into all the other unstratified 
rocks ; so that the same general cause that produced one variety, 
must have produced the whole. It is very rare, however^ that 
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coarse granite, destitute of hornblende, graduates into trap rocks 
of the same age. In general, they appear to have been formed 
at different epochs, maccullochs System of Geology j- Vol. 1. 
p. 157. 

Rem. It must not be inferred from this statement, that all the onstrati- 
fied rocks have resulted from the same melted mass, cooled under differ- 
ent circumstances: for the difference in their chemical composition is too 
great to admit of a such conclusion. See Section 4. p. 78. 

Proof 3. The mode of occurrence of the unslratified in rela- 
tion to the stratified rocks. We have seen, (section IV.) that 
the former exist as protruding, intruding, and overlying masses, 
and occupying veins in the latter. Now these are the precise 
modes in which recent lava occurs when connected with strati- 
fied rocks : whereas no example can be produced in which rocks 
have been made to take these forms by aqueous agency. In- 
deed, it is difficult to conceive how this would be possible. 

Proof 4. The columnar structure of the trap rocks. This 
structure is not uncommon in lavas. The experiments of Mr. 
Watt also, upon 700 pounds of melted basalt, whicl^ on cooling 
assumed the columnar form, as detailed in section lY, confirms 
this view : whereas no example of such a structure from aqueous 
agency has ever been found. 

Proof 5. The crystalline structure of some of the unstrati' 
fied rocks. When several substances are contained in an 
aqueous menstruum, it is difficult to make them crystallize ex- 
cept in succession j whereas in granite the diffi»rent ingredients 
appear to have crystallized simultaneously. And if the mate- 
rials of granite, or of glass, be melted and slowly cooled, espe- 
cially under pressure, most if not all the ingredients will assume 
more or less of a crystalline form at the same time. 

Proof 6. The mechanical effects produced by the unstrati- 
fied upon the stratified rocks. In the vicinity of veins and irre- 
gular masses of the unstratified rocks, the stratified ones are 
bent and twisted in every conceivable manner, and sometimes 
broken entirely. Not unfrequently also, fragments of the strati- 
fied rocks are broken off and entirely imbedded in the veins of 
the unstratified. In almost every case an upward or a lateral 
force appears to have been exerted ; showing that the veins 
were filled from beneath. For examples, See Maeculloch*s 
Geology of Glen Tilt in the geological transactions. Also his 
Geology of the Western Islands. Also Final Report on the 
Geology of Mass. pp. 414, 416, 418, 464, ^c. Fig 117, shows 
a vein of greenstone, or indurated wacke, passing through a 
ledge of sandstone near New Haven, on the roaa to Middli* 
town, the sandstone being bent upwards. 
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Proof 7. Tke ehemical effeeU produced upon the itratified 
rocks by the eonlael of the ujtstratifitd. Thesa effects are pre- 



cisely the saniB as those produced by dykes of recent lava. 
"" " " " '■ md cl " 

changed into crystalline limestone : shale and sajkdstone a 



Thus, compact fossiliferoua limestone and chalk, where dykes 
of trap rocks, porphyry, and grsnite pass through them, are 
' ' into crystalline limestone : shale and saiidsto] 



durated and converted into siliceous slate or jasper ; aa tit 
Nahant, Mass. Newport, Rhode Island, end Rocky HilL near 
HarUbrd, Ct, : micaceous sandstone and other slaty rocks are 
changed into mica slate, or hornblende slate. Now these are 
effects that could not result from any other agency with which 
we are acquainted except heat And in respect to chalk, an es- 
periment of Sir James Hall is decisive. He confined some of 
It in a strone iron tube, and subjected it to a strong heat ; which, 
liberating the carbonic acid, produced a powerful pressure, and 
the result was crystallized carbonate of lime. BaktaelUs 
Geology, p. 146. 

Obj. The older unstratified rocks present no example of a 
volcanic cone or crater. 

Am. 1. They appear in general to have been produced by 
a force acting along extended fissures, and not directed to par- 
ticular foci. 2. If these cones and craters once existed, the 
powerful denuding agencies that have operated on the globe 
may have destroyed them. 

Prin. The greater degree of crystalliiation in the older un- 
stratified rocks, may be esplained, oy supposing a more perfect 
fusion of the materials than in recent lavas, and greater slow- 
ness in cooling, under perhaps the more powerful pressure of a 
deep ocean. 

TemperatvTe of the Globe. 

Prin. The principal circumstances that determine the tem- 
perature of the globe and its atmosphere, are the following: 1 
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Influence of the sun. 2. Nature of the surface. 3. Height 
above the ocean. 4. Temperature of the celestial spaces around 
the earth. 5. Temperature of the interior of the earth, inde- 
pendent of external agencies. 

1. Solar heat. The solar rays exert no influence as a eeneral 
fact, at a greater depth than about 100 feet. (Baron Fourier 
mentions 1 30 feet as the maximum depth : Poisson fixes it at 
76 feet. Am, Jour. Science, Vol. 32. p. 5, and Vol. 34. f. 59,) 
A thermometer placed at that depth, remains stationary all the 
year. The diurnal effect does not extend more than 3 or 4 
feet. In receding from the tropics, the amount of solar heat 
diminishes. During six months it continues to increase, and to 
diminish the remaining six months. The decrease of the mean 
temperature from the equator towards the poles, is nearly in 
the proportion of the cosines of latitude. Prof Forbes has re- 
cently made some observations near Edinburgh, from which it 
appears that the oscillations of annual temperature would cease 
at the depth of 49 feet in trap tufa, 62 feet in incoherent sand, 
and 9 1 feet in compact sandstone. American Journal of Science^ 
Vol. 38. p. 109. 

Rem. Solar heat is the fundamental element on which depends the siir- 
&ce temperature of the globe and the character of the climate. 

Prin. The amount of solar heat is actually though very 
slightly diminishing in consequence of a change in the eccen- 
tricity of the earth's orbit The possible amount of this diminu- 
tion IS not known, because the limits of the eccentricity of that 
orbit are not known. But there is no probability that the an- 
nual temperature ever has changed or ever will change from 
this cause, more than 3° or 4°. Am. Jour. Sci. Vol. 36. p. 332. 
Hence this cause is insuflicient to account for the extra-tropical 
heat of the present cold regions of the earth in early times. 

2. Nature of the surface. The radiating and absorbing 
power of land is quite different from that of water. Ice and 
snow are still more diflerent; and the nature of the soil aflects 
sensibly its power to imbibe or give off heat. Hence low islands 
have a higher temperature than larger continents in the same 
latitude ; and the ocean possesses a greater uniformity of climate 
than the land. 

Rem. On these facts Mr. Lyell has founded an h3rpothe6is for explain • 
ing the high temperature of the surface of the globe in northern latitudes 
in early times. He supposes that but little land then existed in the north- 
ern parts of the globe, and that this produced so great an elevation of tem- 
perature, above what it is at present, that trofucal plants and animal^ 
might then have inhahjted regions now subjected to almost perpetual wintfv*- 
That the quantity of 'dry land in the northers hesiisphere unring the de- 
position of the older fossiliferous rocks was much less than at present,, is 

21* 
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very probable; and that this would render the climate warmer and more 
uniform ia made certain by comparing the climate of Great Britain with 
that of the United States. But that from this cause the climate of Canada^ 
of the North West Coast of America, between 60° and 70^ of North Lati- 
tu()e, and even of Greenland and Melville Island, where the thermom- 
eter now descends to 58*^ below zero, was so mild and uniform as to pro- 
duce tro{Mcal ferns, lepidpdendra, &c. is a position which will need strong 
proof; especially when we recollect that fiir several months annually they 
must have been most of the time in darkness. Those, however, who^ wish 
to see this hypothesis ably defended, may consult ijyeWs Prin, Gtol. VaL 1. 
p. 160, cf-c. 

3. Height above the ocean. The temperature of the air di- 
minishes one degree ^Fahr.) for 300 feet of altitude : two de- 
grees for 595 feet: three degrees for 872 feet: four de^ees 
for 1124 feet: five degrees for 1347 feet: and six degrees 
for 1539 feet. Hence at the equator perpetual frost exists at 
the height of 15.000 feet, diminishing to 13.000 feet at either 
tropic. Between latitudes 40° and 59", it varies from 9000 to 
4000 feet. In almost every part of the frigid zone this line de- 
scends to the surface. These results, however, are greatly 
modified hy several circumstances : so that in fact, the line of 
perpetual congelation is not a regular curve, but rather an irre- 
gular line descending and ascending. American Journal of 
Science^ Vol. 33. p. 62. Introduction a la Geographie Mathe- 
matique et Physique^ par S. F, Lacroix, p. 289. 

4. Temperature of the celestial spaces around the earth, — 
This cannot be much less than the temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observed on the 
globe, (at Melville Island,) is 58° below zero : and this has been 
assumed as the temperature of the planetary spaces. Hence it 
follows that there must be a constant radiation oPheat from the 
earth into space. 

5. Temperature of the interior of the JEarthj Independent 

of Exterrial Agencies, 

Prin. In descending into the earth, beneath the point where 
it is affected by the solar heat, we find that the temperature 
regularly and rapidly increases. 

Proof 1. The temperature of springs which issue from the 
rocks in mines, as shown in the following table. 



TXXFSRATVRS DT DUP HINXS. 



247 



Temperature of Springs in Mines. 



COUMTRIES. 



UINE8. 



.3 . 
|e2 



«8 . 



g 






I 



i 






axony, 



Brittany, 



Cornwall, 
Mexico. 



Lead and Silver Mine of 

Junehohe Birk. 

do 0? Beschertglack, 

do do 

do Himmel&hrt, 

do Kuprinz, 

do Pouiiauen, 

do do 

do do 

do Hueleoet 

do do 

do do 

do do 

Dolcoalh Mine, 
Gnanaxato, Silver Mine. 



256 


48<^ 


712 


54.5 


840 


56.8 


735 


57.9 


634 


80.1 


128 


53.4 


246 


53.4 


459 


58.3 


197 


54. 


262 


59. 


394 


59. 


755 


67.5 


1440 


82. 


1713 


98.2 



46.9 
46.4 



62.7 
51.8 



50. 

68.8 



102.4 
87. 
8a7 
63i) 

ia8 

182. 

351. 
82. 
89.5 
36.4 
54.7 
48.4 
45. 
45.8 



Proof 2. Temperature of the rock in mines ; as shown in 
the following table. 



COUNTRIES. 



MINES. 



.s 



o 



•s 






^1 



I 






Qg 



1. In loose matter near ike fau of the rock. 
United Copper Mines, > 
Coal Pit of Ravin, 



Cornwall, 
Carmeaux ) 
France. ) 



do of Castellan, 
do of St. Charles, 
do of St. Jacobi, 
do do 



Saxony, 



Littry, do. 

Decise, do. 

do. do. 

2. In the rock near its surfiue. 
Mine of Beschertglack, 

do do 

do do 

do do 

do do 

do do 

3. Three feet three inches within the rock, 
Dolcoath Mine. Reg- ^ 
ister kept 18 Months. 
Lead and Silver Mine 
of Kurpinz, 

do 
do 



1142 


87°.4 


50«> 


1201 


88. 




597 


62.8 


52 


630 


67.1 


52 


.325 


61. 




351 


64. 




561 


71.7 





591 


52.2 




813 


59. 


46.4 


236 


47.7 




552 


55. 




880 


59. 




1246 


65.7 





Cornwall, 
Saxony, 



1381 

413 

686 
1063 



75.6 

59.6 

62.5 
67.7 



50. 



30.5 
31.1 
55.3 

40.8 
36.1 
29.2 
28.5 

aoi. 

67. 
174.7 
63.7 
69.8 
64.4 



54. 

31.3 

42.6 
49.9 



£48 



TKHPKXATDKX Or ARTKIIAX WSLU. 



la k edf&tTj >l Winn, in Lanodiire, EngUnd, •! IGO fnt drep, tba 
tcmpunture wu eonaUntlj 53° : at 450 iWt, it wu 5e°7a ; al 750 liwt H 
wu 63°. This would «*« ui increMe of oub degree for ejorj 48 feet. 
Jb». Jfeur. o/ Scima, Voi. 34. p. 36. 

A liiigle expeiiment in the deeprft cod mii>B in Gnat Britain, near San- 
deriuid, gave the rallowing rewilta ; deptli ofthe place of olivCTTation, 1581 
feet: beloiT the level of the to, 1500 leet. Mean annual temperalUTe at 
the anr&ce, 47°6 ; tempentare on the day of obwrvatioo, (Not. 15, 1834.) 
49° : do. of the air at the bottom of the pit, 64° : cIoh to the coal, 6^ : do. 
of water collected at bottom, 67° : do. af salt water issuing from ■ hols 
made the aome day, 70°! : do. of gas tiaing through the water, 72^, do, 
of the front .of the coal, 68°: do. of the aame, left in a bore hole for a week, 
7i^ Hence the heat increaaeiattlle rate of abouta degree lor every 60fe(& 



Proof 3. TtMperatu 
following table. 



e of ArUtian Wells, u shown in the 



Paria ; Fountain de 1* Garde St. Oneii 



Da near the Buriere de Oreu^e. 


1800 


51.1 


83. 


50. 


Dept. du Garde et de. Pa. CaW. 










184 


50.5 


54.5 


46. 


Do. d-Aire. 


307 




55,9 


38.3 


Do. deSt.Venant, 


3138 




67.a 


49. 












way, 


361 


50.9 


59.9 


40,1 


To«>^ 


459 


52.7 


63,6 


446 


A wdl at La RocheUe, 


369 


63.4 


64.6 


33. 


Near Berlin, Prttaia, at 


ffrn 


49.1 


67.66 


36,3 


Do. the aame well, at 


516 




63.95 


34.7 


Do. do. aL 


393 




62.^ 


aas 


Near New Brunswick, N. Jetwiy, at 






1 




thede|>th. 


S50 




53.J 


73. 


do. at. 


394 




54. i 




South Badley, Mui. 


180 


46.7 


52. 


31 



Bem. 1. Netr Tienna, in Austria, are Cram 40 to 50 Artesian Well., 
whoce temperature varie. from 53° to 58°; the mean temperature at the 
nirbce being 50°64. At Heltbronn in Wuitemborg, fire welli rank from 
60 to 112 feet, have a temperature of 55°. 

Rem. 3, Artesian well* have lately been ap;Jied wilh ineces. in Wur- 

Iranbnig, to prevent froat from rtopping machinery, which was moved by 

' running water; and also for warming a paper mannractorj. Who knows 

but this application may prove of immente benefit to boom regions oftho 

globs 1 BwklatuVs Bndgnvaler Trtaiitt, Vol. 1 , p. 567. 

Proof 4. TheTmal springs. Vast nnmbers of these nccnr 
.in Mgians far removed from any modern volcanic action ; Rcne- 
'nlly upon lofty mountain ranges ; ss upon the Alpe, the Pyr»- 
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nees, Caucadus, the Ozark mountains in this country, where are 
nearly 70, he. Their temperature varies from a1;>out summer 
heat nearly up to that of boiling water. Nor can th^ir origin 
,be explained without supposing a deep seated source of heat in 
the earth. This argument is not indeed, as direct and conclu- 
sive as those previously mentioned, but it confirms the others. 
Proof 5. The existence of numerous deep seated volcanos. 
This argument is of the same kind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase of internal tern' 
perature has ever occurred, where the experiment has been made 
in deep excavations. 

Inf. ] . The increase of temperature from the surface of the 
earth downwards, does not appear to be at the same rate in all 
countries. The mean of all the observations recorded in the 
preceding tables, which have been made in England, gives 44 
feet for a change of one degree. In some mines in France, the 
increase is much slower, and in a few it is faster. The mean is 
reckoned at about 45 feet foe each degree. In Mexico, accord- 
ing to the only observation given above, it is 45.8 feet. - In 
Saxony it is considerably greater, not far from 65 feet to a de- 
gree. The few observations in this country given in the pre- 
ceding table, indicates an increase of 54 feet to a degree. 

Inf. 2'. The average increase for all the countries where ob- 
servations have been made, is stated by Kupffer^ to be 86.81 
feet for each degree. Edinburgh Journal of Science, April, 
1832. 

Inf. 3. At this rate, and assuming the temperature of the 
surface to be 50^, a heat sufficient to boil water would be reach- 
ed at the depth of 5962 feet, or a little more than a mile : a 
heat of 7000^, sufficient to melt all known rocks, would be 
reached at 48 miles ; and at the centre of the earth, it would 
amount to 577.000°. Cordier's Essay on the Temperature of 
the Interior of the Earth. Amherst, 1828, p. 73. Moffatfs 
Scientific Class Book, by Prof Johnson, Philadelphia, 1836^ 
Vol 2. p. 311. - 

Rem. It has been thought by many, and probably with rea- 
son, that the rate of increase in the subterranean heat, as de- 
duced by Kupffer, is too rapid. From careful observation 
upon the Artesian Wells of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 feet : and froni iA 
more extended comparison given in Jameson^s Journal, (April 
to July, 1839,} the mean increase is one degree for 65 feet : per- 
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liaps the rate of 45 feet to % degree, fixed upon by the British 
Association, ought to be considered the best hitherto obtained. 
Inf, 4* From the preceding facts, and other collateral evi- 
dence, it has been inferred that all the interior of the earth, ex- 
cept a crust from 50 to 100 miles thick, is at present in a state 
ofiusion : that originally the whole globe was melted, and that 
its present crust has been formed by the cooling of the surface 
by radiation. 

lUus. Tig. 1 18 is intended to repreeent the proportion of melted and 
uamelled metter in the earth, agreeably to the above inference; and on 
the euppoeition that the lolid cruft ia 100 miles thick. This is shown by 
tile broad line that forms the circumference. According to the mean ia- 
ersaas of subterranean heat stated above, this crust should be only half as 
thick. 

Fig. 118. 




Proof 1. Until some fact can be adduced showing that the 
heat of the eartl^ ceases to increase beyond a certain depth, 
nothing but hypothesis can be adduced to prove that i^ £oes not 
go on increasing, until at least the rooks are all melted : for 
when they are brought into a fluid state, it is not difficult to see 
how the temperature may become more equalized through the 
mass, in consequence of the motion of the fluid matter ; so that 
the temperature of the whole may not be greatly above that of 
fused rock. Now if the hypothesis of internal fluidity have 
other arguments (which follow below) in its favor, while no facta 
of importance sustain its opposite, the former should be adopted. 
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Proof 2. It appears from the. experiments and profound 

mathematical reasoning of Baron Fourier, that even admitting 

all the internal parts of the earth to be in a fused state, except 

a crust of 30 or 40 miles in thickness, the effect of that internal 

heat might be insensible at the surface, on account of the ex« 

treme slowness with which heat passes through the oxidized 

crust. He has shown that the excess of temperature at the sur* 

face of the earth, in conseqXience of this internal heat, is not 

more than 1-1 7th of a degree, (Fahr.) nor can it ever be re- 

diiced more than that amount by this cause. This amount of 

heat would not melt a coat of ice 10 feet thick, in less than 100 

years : or about one inch per annum. The temperature of the 

surface has not diminished on this account, during the last 2000 

years, more than the 167th part of a degree : and it would take 

200.000 years for the present rate of increase in the temperature 

as we descend into the earth, to increase the temperature at the 

surface one degree : that is, supposing the internal heat to be 

500 times greater than that of boiling water. From all which 

it follows, that if internal heat exist, it has long since ceased to 

have any effect practically upon the climate of the globe. . An- 

naU de Chimie et de Physique, No. 27. American Journal of 

Science, VoL 32, p. 1. Phillip^ s Treatise on Geology, VoL 2. 

p. 275. 

Rem. These rasults of Fourier require the application of very profound 
mathematical inveBtigations. And it may not be amiss to mention that 
the late lamented Dr. Bowditch informed me, that he had followed Fou- 
rier through all his intricate analyses of this subject ; and that the reason- 
ing was entirely conclusive: nor did he consider his results at all invalid 
dated by tho papers of Prof. Parrot, which he had also read. . Those of 
M. Poisson, in opposition to Fourier, have appeared since Dr. JBowditch's 
death. 

Proof 3. The existence of 300 active volcan6s, and many ex* 
iinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain for- 
ever quiet, we might regard the cause as local and the effect of 
particular chemical changes at those places, aided perhaps by 
electro-magnetic agencies. But if the internal parts of the earth 
are in a melted state, that is, in the state of lava ; and if this 
mass be slowly cooling, occasional eruptions of the matter ought 
to be expected to take place by existing volcanos. Assuming 
the thickness of the ear&'s crust to be 60 miles, the contraction 
of this envelope one 1 3. 000th of an inch, would force out matter 
enough to form one of the greatest volcanic eruptions on record. 
More probably, however, the percolations of water to the heated 
nucleus, or other cause of disturbance, more frequently produces 
an eruption than simple contraction. 
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Other Hypothecs of Volcanic Aciioiu 

Hypothesis of the metalloids. This Iiypotliesis, origine!!7 
proposed, though subsequently abandoned, oy Sir Humphrey 
Davy, supposes the internal parts of the earth, whether hot or 
eold, fluia or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with 
oxygen whenever they are bro\ight into contact with water, 
with the evolution of light and heat. .To these metalloids water 
occasionally percolates in large quantities through fissures in 
the strata, and its sudden decomposition produces an eruption. 
Dr. Daubeny, the most strenuous advocate of this theory at the 
present time, has brought forward a great number of considera- 
tions which render it quite probable that this cause mav often 
be concerned in producing volcanic phenomena, even if we do 
not admit that it is the sole cause. Daubeny on Volcanos. 

Rem. 1. It is interesting to Dotice how the hypothesis of central heat, 
or the Mechanical Theory of Cordier, as it is often called, and this 
Chemical Theory of Daubeny, apply almost equally well to the explana- 
tion of volcanic phenomena. Both agree as to the necessity of water 
heinff brought in contact with a heated mass in the earth. Both explain 
equiuly well the fonnati<m of vapor, the extrication of gases, and the sub* 
limation of sulphur, salts, &c. Both show why volcanos are usually in 
the vicinity of water ; " why their action is intermittent, and why the vol- 
canic power aTOearsto have decreased in energy. The constantly active 
volcanos, especially such an one as Kiranea, are more difficult to explain 
by the chemical theory. It must also be considered a strong objection to 
this hypothesis, that sificum, the most abundant of all the metalloids in the 
earth, " is incombustible in air and in oxygen gas ; and may be exposed to 
the flame of the .blowpipewithout fusing, or undergoing any other change." 
Tnmtr's Chemistry^ p. 323, and that aluminium, the most abundant metal 
in the earth next to siltcum, "is not oxidized by water at common tem- 
peratures: though on heating the water to nearats boiling point, bxidation 
of the metal commences :— Uie oxidation, however, it very slight" Tvx- 
neTj p. 3l6. 

Rem. 2. There is not necessarily any discrepancy between these two 
theories : for admitting even igneous flukuty inMie earth, the nucleus may 
nevertheless be metals uncombined. Hence some distinguished advocates 
fi>r the doctrine of central heat, have also adopted partially or . wholly the 
other theory. Ex. p^. De la Beche^ in Us Theoretical Geology ; and Pro- 
fsssor PhimpSf in kts TreaHse on Chilogy in the Encfjdopeedia Brittanica. 

Modified Chemical Theory. Some geologists have called in 
the aid of electricit]|r to assist in the decompositions and recom- 
positions that result from volcanic agency. By this means the 
temperature of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view ad- 
vanced by Mr. LjrelL Principles of Geology , Vol. 2. p. 449. 
This hypothesis includes of course, as one of its elements, the 
earlier hypothesis of Lemery and others, who imputed volcanic 
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pb.enom6ixik to the combustion of eoa^, bitumen, &c. and tbe de- 
composition of the sulphate of the metals. For an account of 
numerous modifications of opinion respiting the cause^ of vol' 
eanic agency, see Girardin Sur les Voleans^ p. 84. 

Troof 4. The Spheroidal Figure of the Earth. Its form is 
precisely that which it would assume, if while in a fluid state, ~ 
it began to revolve on its axis with its present velocity ; and 
hence the probability is strong that this was the origin of its , 
oblateness. But if originally fluid, it must have been igneous 
fluidity: for since the solid matter of the globe is at present 
60.000 times heavier than the water, the idea of aqueous nuidity 
is entirely out of the question. 

Qther suppositions. 1. Some maintain that tfa^ eftrth was cireated in xU 
present oUate form. This is imleed possible ; because OeoA could have giveb 
It any form he pleased. But there is no proof that such was the fact : while 
on the other hand, we may always assume that whenever we can. see natural 
causeft for natural phenomena, they were produced by those causes : unless 
We can see some reason for special Divine interference. 2. Sir John Her- 
Bchel has suggested the possibility of acoountiBg for the flattening at the poles^ 
by causes now m action ; though Sir John does not maintaiD that su^ wa« 
actually the mode in which it took place. He supposes the eajth to havo 
been created a uniform sphere, covered by an uniform ocean : and to have 
commenced a rotation on its axis, as at present. The water of course would 
rush towards the equator, leaving the polar reg;ions dry, and Very much ele- 
vated. But as this great equatorial ocean wore down its shores, the land 
would gradually be carried towards the equator, and spread over the bottom 
of the sea, and ultimately be elevated so as to iqrm the present continents. 
It is hardly necessary to say, that the present distribution of land and water, 
sind the form of continents, do not accord with such a mode of formation: 
and so improbable is the idea that two vast continents, around the poled, 
with a height of nearly 12 miles, have .been thus worn ' down and carried 
thousands of miles towards the equator, that though theoretically jpossible^ it 
roust be regarded as practically impossible. Pfof PhilUps^s 'Trealise on 
Cfeology^p.B. 

Proof 5. The tropical and ultra tropical character of or- 
ganic remains found in high latitudes. If the globe has passed 
through the process o^^frigesation, as the hypothesis of origi- 
nal igneous fluidity impli8»^ th^re must have been a time, be- 
fore reaching its present statical condition, when the snr^ce had 
the high temperature denoted by these remains : and that period 
must have been very remote ; since no essential change of tem- 
perature from internal causes has taken place for thousands of 
years. A climate, also, chiefly depenaent on subterranean 
agency, would be more nnifonn over the whole globe, than one 
dependent on solar influence; jand such aj^ars to have been 
the dimato of those remote ages* Hence we may reasonably 
impute that temperature to internal heat ; if some other mom 
probable cause cannot be found. 

22 
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Other Suppositions. 1. It bas already been stated, tbat Mr 
Lyell has proposed an bjrpotliesis, dependent upon tlie relative 
height of lana in high latitudes at different periods, to explain 
the tropical character of organic remains, without the aid of 
secular refrigeration. Bat that hypothesis has been already 
sufficiently explained. 2. Another hypothesis has been ad- 
Tanced with much confidence by certain writers, not however 
practical geologists, to the same effect. It supposes these or^ 
ganic remains to have been drifted after death from the torrid 
zone. But their great distance in general from the torrid zone, 
the perfect preservation, in many cases, of their most delicate 
parts, with other evidences of quiet inhumation near the spot 
where they lived, such as the preservation in several cases of 
the softer parts of the animals, render such a supposition wholly 
untenable. 

Proof 6. The fact that nearly all the crust of the globe has 
been in a melted state. As to the unstratified rocks, there will 
scarcely be a dissenting voice among geologists, to the opinion 
that they are of igneous origin, and have been melted. As to 
the detrital, or fossiliferous rocks, also, it will be admitted by 
all, that they were originally made up of fragments derived 
from the primary stratified or unstratified rocks ; and that con- 
sequently, so far as derived from the latter, they have been 
melted. And in regard to the primary stratified rocks, also, 
although there are two dififerent theories as to the mode in which 
they have been produced, yet both admit either of the entire 
fusion of these roeks, ot of their having been so highly heated 
as to be able to assume a crystalline arrangement Hence if 
the entire crust of the globe has been fused, it is a fair pre 
sumption that it was the result of the fusion of the whole ^lobe 

Proof 7. 'Phis theory furnishes us with the only known adi 
quote cause for the elevation of mountain chains and continents 

Other supposed causes of elevation, 

1. Earthquakes. E^camples have been given in another plaet 
(p. 236.) of small and liniited elevations of land, produced by. 
earthquakes. . And it has been maintained that £in indefinito 
repetition of such events might elevate the highest mountains, 
if they took place on no larger scale than at present. But it 
seems to be satisfactorily proved, that some elevations at least, 
such as those producing tne enormous dislocations in the north 
fii England, have occurred to an extent of several thousand feet, 
by a single paroxysmal effort ; whereas the mightiest effects of . 
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a modern earthquake Kave produced. elevations only a few feet; 
and in most cases the umifted surface has again subsided. 
Again, there is little probability that a succession of earth- 
quakes should take place along tne same extended line through 
so many ages, as would be necessary to raise some existing 
mountain chains. Earthquakes may explain some slight rer- 

^ical movements of limited districts ; but the cause seems alto- 
gether inadequate to the effect, when applied to the elevation 
of continents. 

-2. Expansion of the rocks by heat CoL Totten, who is now 
at the head of the Topographical Bureau in th^s country, has 
made some accurate experiments on the expansion of rocks by 
heat. A block of granite, five feet long, by a change of tem- 
perature of 96° F. expanded 0*027792 inch : crystalhne marble, 
0.032Q4 inch : sandstone, 0.054914 inch. By these data it apr 
pears, that were the temperature of a portion of the earth's crust 
10 miles thick, to be raised 600°, it would cattse the surface to 
rise 200 feet. This would be a greater thickness than could 
be produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature mi^t ie raised on the hypothe-' 
sis of Prof. , Babbage. Yet a still greater thickness might be 
heated, provided any new and extensive foci of heat should ba 
produced deep beneath the surface of the globe. Still this ae« 
cession of heat would finally be dissipated by radiation ; and 
then th^ surface . would again subside. This cause, therefore, 
though it may perhaps explain such vertical movements of par- 
ticular regions as are taking place in Scandinavia, Greenlaiid, 
Italy, England) &c. seems inadequate to account for the per- 
manent elevation of large continents. If they had been raised 
in this manner, and the same remark applies to some extent to 
earthquakes, we should hardly expect to find several distinct 
systems of elevation on the same continent, nor so many exam- 
ples of vertical strata. Ninth Bridgewater Treatise, by Prof. 
nabbagSj p. 193, Am. Ed. 

3. Unequal contraction and expansion of land and water by 
cold and heat. Assuming the mean depth of the ocean to be 
10 miles, and that it had cooled from boiling heat to 40° F. its 
volume would contract about 0.042 ; while the contraction of 
the land would be only 0.00417., This would produce a sink- 
ing of the ocean of 697 feet. Phillipis Geology, p. 277. An 
increase of temperature would produce an opposite effect : viz. 
the partial submersion of the land ; though it would be less 
than the desiccation, because of the greater area over which 
the water would flow. Admitting these changes of temperature 

. to have taken place, and the theory of central heat ^supposed 
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die foimer, tluit is, the refrigerstSon, they could not account for 
the deakcation of the riobe, because the tilted condition of the 
ftiata ahows that the land has been raised up: whereas this 
theory im^ea a mere draining of the waters. 

4. A ekamge in the position of the poles of the globe. This 
hjrpotheais, — not long since so much in vogue, — would exidaia 
how oontinenta once beneath the ocean are now above it, if we 
admit the form of the earth before the change, to have been the 
same as at present : viz. an oblate spheroid. But it would not 
explain the tilted condition of the strata, nor is it sustained by 
any analogous phenomena which astronomy describes. 

Elevation by Central Heat, 

First mode. It is possible to conceive that volcanic power, 
acting as at present,' but with vastly greater intensity, might 
have lifted up continents : for their elevation, in part at least, 
appears to have been the result of local forces acting beneath 
the earth's crust 

Second mode. A more probable hypothesis, suggested by 
Beaumont, imputes the present 'KLced and furrowed condition 
of the earth's surface to a colla/pst of its consolidated crust npon 
its contracted interior nttcleus^ This may be illustrated by 
Fig. 119. 

Pig. 119. 




The outer onde repraients the crust of the earth, after it had become con- 
solidated above tbs bqqid mase within, This heated nucleus "would go on 
eoatnctiaff ae it coolea, ^hi!e the crust would remain nearly of the same 
size. At lenffth, when it beca&e necessary At the crust to accommodate it- 
self to the nucleus, contracted say to i!;c '(iner circle, it could do this only by 
ftUing down in some places ana rising in others ; ^ ^ represented by tM 
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Irregular line between the two circles. Thus would the turftce of the earth 
become plicated by the sinking down of some parts by their gravity, and the 
elevation of correspondent ridges by the lateral pressure. The principal 
ridges thus produced, must coincide very nearly with a great circle : and ac 
the earth's crust made successive efforts- to accommodate itself to the coo- 
Btantly contracting nucleus, ridges would be produced in different directions, 
crossing one another ; and thus the various systems of elevation known to 
exist on the gk>be, be formed at various epochs. 

Obj. Such a shortening of the earth^ diameter as this hypothesis sup- 
poses, would increase the rapidity of its rotary motion, and shorten the length 
of the day : whereas astronomy shows that for !30(X) years no such changa 
has takenjilace. 

A7ts. That period is too short fairly to test the point ; since it requires a 
Xonv time for the tension upon the crust of the gIob« to become so great as to 
produce a fracture ; and this may not have occurred since that time. If 
there be any flexibility however, in' the earth's crust, gravity must produce 
some depression of it in some places, and elevation in others, before the ten- 
sion is great enough to produce a fracture. And possibly this may be the 
origin of some cases of slight subsidence or elevation on record. 

Origin of the Primary Stratified Rocks, 

Ren, The way has not nreviously been prepared for a full understandinj^ 
of the hypotheses above alluoed to, concerning the origin of the primary strata 
fled rocks ; because both of these depend more or less upon internal heat 

First hypothesis. According to thiGr hypothesis the stratified 
primary rocks are merely the mechanical or fossiliferous rockd 
altered hy heat As these accumulated at the bottom of the 
ocean, being much poorer conductors of heat than water, they 
would connne the internal heat that was attempting to escape 
by radiati(m, until it became so great as to bring the matter into 
a crystalline state : but not sreat enougrb to produce entire fit- 
aion, so as to destroy the mams of stratification. 

ArgvMents in fofpor of this Hypothesis* 

1. Numerous facts show that the molecular constitution of 
solid bodies may undergo great changes, without much change 
of the general form ; and even without any great elevation of 
temperature. Thus the heat of the sun alone, will change pri»> 
matic crystals of zinc into octahedrons : and the same takes 
place with sulphate of nickel. Connection of the Physical 
Sciences hy Mrs. SomervUle, p. 130. Indeed, Dr. Macculloch 
says he has completely proved by experiments, that " every 
metal can completely change its crystalline arrangements whife 
solid, and many of tnem at very low temperatures." System of 
Geology, Vol. 1. p. 190. Analogous changes have taken place 
in sandstone beneath trap rocks: in trap rocks after they nave 
become solid j and in solid glass. Hence the preaumptioa is ia 
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firror of l3iM0 intexnal chants in rodu of meebanieiJ origb 
from intemal beat. 

2. The heat requisite for the conversioa of • mechanical into 
crystalline rocks, without destroying the stratified structure, 
may have been derived either from an internal heated nucleus 
in the ea!rth, when the 6rust was thinner than at present, as it 
was during the period in which the primary strata were de- 
posited, or from local nuclei of heat, propagated upwards through 
detritus, according to the theory otProf. Babbage. 

B. Geology furnishes numerous examples in which the me- 
chanical orfossiliferous rocks have been converted by heat into 
primary crystallized rocks in limited spots by the agency of 
lieat. When dykes of granite, ifiorphyry, trap rocks, or recent 
lava, pass through fraementary deposits, for a certain distance 
on the sides of tae dyke these conversions have taken place. 
Chalk and earthy limestones are in this manner in Ireland, con- 
verted into crystallized marble : and the same effect was pro- 
duced upon chalk by heatine it powerfully in a sealed gun 
barrel Experimental proof hws also been furnished by the 
ehemist, that quartz romc is merely sandstone altered by heat ] 
as is shown also at Salisbury Craig, Teesdale, and Shropshire, 
in Qreat Britain, where sandstone and basalt come in contact. 
Ih Shetland,^rgillaceous slate, when in contact with granite, is 
chanced into hornblende slate. Clay slate iij obviously ndthii^ 
but clay that has beeil subjected to strong heat and pressure. 

4 The primary stoatified rocks still retain maiks of a me- 
chanicid origin. The general appearance of gneiss and mica 
alate is that of fragments of crvstals, more or less worn and 
rounded, and then re-cemented by heat But real ccmglome- 
rates occur which yet have all the characters of the primary 
stratified rocks, except perhaps gneiss. Thus, I have in my 
cabinet from Bellingham in Massachusetts, a perfect and highly 
crystalline mica slate, which contains as perfectly rounded peb- 
bles of quartz as. any secondary conglomerate ; also a talco- 
micaceous date of the same character, from Rhode Island, which 
abounds in crystals of magnetic oxide of iron. These rocks 
are connected with transition slates on the one side, and with ' 
primary slates on the other. I have also, perfectly distinct cOnr 
glomerates of quarts rock, made up of rounded fragments of 
quartz, cemented by comminuted materials of the same kind. ' 
llio strata of this rock in Berkshire County, in Massachusetts, 
are associated with gn^ss and mica slate ; all of whicE at the 
spot, (in Washington,) stand upon their edges. 

Obj. I. There is little probability that detritus is conveyed 
to ik0 bottom of the ocean in quantities sufficient to cause such 
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an aecumu^ation of internal heat, as would convert meclianical 
into crystalline rocks :— a degree of heat nearly equal to that 
which would melt them. True, the heat would accumulate in 
these deposits to a certain degree : but not beyond what exists 
in. the solid crust of the eartlv generally f and this would require 
US to descend nearly 50 miles, before a temperature would be 
reached sufficient K>r the purpose. Unless, therefore, this 
theory supposes a much higher temperature on the globe when 
this change took place, than at present, (^nd most of its advo- 
cates deny this,) the requisite heat could not have been ob- 
tained, especially as in many cases the primary rocks extend to 
the surface, and do not appear to have ever been covered with 
newer ones ; so that there must have been heat enough to pro- 
duce this transformation immediately beneath the waters of the 
ocean. 

2. The difference in chemical composition between the nri- 
mary and the newer rocks, is opposed to the idea that the for- 
mer are only modifications of the fetter. For we find that some 
of the ingredients, lime and carbon for instance, are far more 
abundant m the newer than in- the older rocks. This difference 
points of course to a different origin. 

3. If all -the stratified primary rocks are metamorphic, we 
ought to find in, them occasionally, especially in the limestones, 
traces of organic remains. For examples are not uncommon, 
in which the traces of such remains are found, (of which a de- 
scription has been given in Section Y,) in calcareous rocks 
which have become perfect crystalline limestones; as in the en- 
crinal limestone : and in oth^ rocks which are converted into 
vesicular trap by the agency of heat It is incredible, there- 
fore, that if the remains of animals and plants once existed in 
these rocks, as numerous as they now exist in the secondary 
rOcks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the etratificatipn. 

Second hypothesis. This hypothesis supposes the primary 
stratified rocks to have been formed, partly in a mechanical, 
and partly in a chemical mode, by aqueous and igneous agency, 
irhenthe temperature of the crust of the globe was very high 
and before organic beings, could live upon it 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency 
in the formation of the primary rocks, there is still so much 
fffoof of the operation . <]f mefihanical agjMicies* For in tliat 
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state of the globe, when its crust had cooled only so far as to 
allow water to exist upon it in a fluid state, volcanic agency 
must have been far more active than at present : and conse- 
quently the agitated watefs must have worn away the granite 
at their bottom extensively. But as the heated waters would 
contsiin a ereat deal of silica, and other iuCTedients which would 
readily fall down as chemical deposits, the abraded materials 
would be consolidated before they had become entirely rounded 
into pebbles ; so that the compound might, upon the whole, bo 
regarded as of chemical origin ; and yet not be destitute, as 

fneiss and nfiica slate are not, of the marks of attrition. In- 
eed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect con- 
glomerate ; as the facts mentioned under the last hypothesis 
show was sometimes the fact. 

2. It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more 
abundant at later periods. Thermal waters, it has been shown 
in another place, often contain an abundance of silica in solu- 
tion ; but cold w^ater never does. Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with- 
out this acia, carbonate of lime could not be held in solution to 
much extent : and farther, hot water will dissolve mu^h less 
quicklime than coldj the proportion being as 778 to 1270. 
Hence the heated seas of those early times would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why less 
of carbonate of lime is found in the older rocks, ib, that animals 
did not then exist to eliminate lime from its other combinations, 
and convert it into the carbonate. 

3. It explains the absence of organic remains in^ the pritiiary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as great abun- 
dance as at present, — an assumption which is made by the pre- 
ceding hypothesis,-^it is incredible that some traces of them 
should not remain : for if the fulion of these rocks t«^a8 not so 
entire as to obliterate all marks of mechanical agency, if, in fact, 
perfectly rounded pebbles' still occu't in them, there is bo reason 
why the harder pat ts of animals should not also remain : We 
have examples Khere the traces, of organic reiliains exist in 
rocks, that have been almost entirely fused : — at least so much 
melted, as in the case of a veget j»ble stem in trap, in the valley 
of the Connecticut, that it is converted into decided vesicular 
«aaygdaiaid; and yc^^ its vegetable charact^ can scarcely b^ 
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doubted. {See a fine Specimen in Amherst College, and another 
in the State Collection of MassOfChuseits, at Boston.) We may 
hence infer, with no little confidence, that organic life did not 
exist on the globe when the primary rocks were in a course of 
deposition, and this hypothesis explains the reason. 

4. It explains too the reason why carbon is much less abun- 
dant in the older than in the newer rocks. Organic beines are 
undoubtedly the source of most of the carbon in the rocks : — 
and of course it would be found in small quantities where 
neither animals nor plants existed. . 

Rem. Dr. Maccalloch does indeed state that he fband oiganic remaint 
(prtkocerata,) in quartz rock, c^nected with gneiss, in Sunderland; but 
other distinguished geologists (Sedgwick and Murchison,) have failed in 
finding any at that spot. He thinks, also, that fragments of shells oocpr 
in hornblende slate in Glen TiH. System af Geology ^ Vol. 1. p. 418^ Von 
Deehen also mentions fossiliferous gi^ywacke, interstratified with gneiss 
and mica slate in Bohemia. Bat facts of so anomalous a- character need 
still further confirmation. PhUUps-s Oeology^ p. TS, * 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss 
were deposited upon the granite, under the circumstances sup- 
posed by the hypothesis, it is easy to conceive how the internal 
neat should accumulate in the manner explained by Prof Bab- 
bage, so as to melt the granite crust anew^ and to. extend the 
fusion into the lower beds of the ^eiss ; at least so as to pro- 
duce an almost entire obliteration of the Lines of stratification, 
and form numerous niduses of perfect granite in the gneiss. 
This hypothesis explains the passase of these two rocks into 
each other, better than the first nypotnesis ; because it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gneiss. 

Rem. The most important^objections to this hypothesis are embraced in 
those which are urged against the doctrine of internal heat in general ; and 
thefelbre, it will be necessary to stale only the latter. 

Objections to the Doctriiu of Internal Heat. 

Obj. 1. It has been maintained that the high temperature of 
deep excavations map be explained by chemical changes going 
on in the rocks ; such as the decomposition of ixon pyrites by 
mineral waters, the lights employed by ihe workmen, the heat 
of their bodies, and especially by the condensation of air ni 
great depths. 

Ans. In the experiments that have been made upon the 
temperature of mines, care has been taken to avoid all these 
sources of error except the last, (which are indeed sometimes 
very considerable,) and yet the general result is as has been 
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stated; not is there a single example on die other side to inrali* 
date that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends from their bottom is 
much warmer than when there ; so that it carries away instead 
of producing heat. Cordie/^s Essay on the Temperature of the 
Interior of the Earth, Edinburgh Journal of Science^ Aprils 
1832. 

Obj. 3. Hue tetn/perabu/re of the Ocean. Prof Parroti who ni^es this .ob- 
jection, recapitulate the resulta of the most accurate observatibos upon the 
temperature of the ocean: "1. That«the temperature diminishes as the. 
depth increases: 2. That it diminishes at first rapidly, then very slowly.^ 
From the -surface to the depth of 2478 feet, it diminishes more than 4L^F. 
and from that to 5490 feet, less than 2^ " American Jowmcd of Science^ 
Vol. 26. p. 12. According to De La Becne, there are some exceptions to 
these condasions, especially in high latitudes. In fresh water lakes, the 
same observer found that the temperature decreased till it had nearly 
reached 40^F, when it continued nearly the same to the greatest measured 
depth. Maimal of Qeotogy^ p. 20. Facts of this sort Prof. Parrot consid- 
ers as directly at variance with the idea of internal heat 

Ans. Taking the conclusions of. Prof Pai^t as true, they are just 
what we might expect would be the temperature of the ocean, whether 
the earth had internal heat or not. For it appears that the strata of wa« 
ter arrange themselves according to their speciiOic gravities. The wannest 
particles being the lightest, of course rise to the top ; and the coldest sink 
to> the bottom : just as we find to be the case in a vessel of water that is 
being heated over a fire. But when fresh water has descended to the 
temperature of 40^F. it be^ns to expand, and, therefore water beloW diat 
degree will not sink but rue. Yet experiments show that it rarely goes 
lower than that degree \ and therefore, when the water has reached it, or 
nearly reached it, we might expect that the temperature at greater depths 
would be nearly the same. Salt water eontmues to contract untd it 
reaches the freeran^ point, which varies from 32*^ to 4°, according to the 
amount of salt which it contains. Hence we might expect that the tem* 
perature of the sea, except perhaps in very cold latitudes, would decrease 
downwards until it reached a temperature below which it rarely descends; 
after which we should expect a uniform temperature to the greatest depths. 
A few observations, indeed, are on record, which can hardly be reconciled 
to the general principle that waters of lakes and oceans arrange themselves 
according to tneir specific gravities f yet such cases probably result from 
local causes of variation. Upon the whole it seems that the facts in respect 
to the ocean's temperature, neither prove nor disprove the doctrine of in* 
temal heat. 

Rem. Some have supposed, that since the ocean has a depth of several 
miles, the water at its bottom ought- to be in a state of ebullition, if the 
doctrine of internal heat be true. But there is no reason to suppose the 
earth's crust to be thinner there than on dry land ; and hence no more 
heat will escape into the waters by radiating from, the earth, than esiBapea 
into the air ; which, as we have seen, accoHrding to Fourier, is a veij 
small (quantity: not sufficient *to affect the temperature of water or air 
perceptibly. 

Ohj. 3. '' If the central heat were as intense as is represent* 
ed, there must ba a circulation of currents, tending to equalize 
the temperature of the resulting fluid, and the solid crust itself 



^y INJECTIONS TO THE DOCTRINE OF INTERNAL BEAT. 269 

would be melted." — " If the wide planet, for example, were 
composed of water covered with a spheroidal crust of ice fifty 
miles thick, and with an interior ocean having a central heat 
about 200 times that of the melting point of ice, he : — if it must 
be conceded, in this case, that the whole spheroid would in-^ 
stantly be in a state of violent ebullition, that the ice instead 
of being strengthened annually by new internal layers, would 
soon melt and form part of an atmosphere of steam, on what 
principle can it be maintained that analogous effects would not 
follow in regard to the earth under the conditions assumed in 
the theory of central heat ?" LyelVs Prin. Geol. Vol, 2. p. 
440, and 449. 

Ans. In the first place, it is not essential to the doctrine of 
central heat, that a temperatilre very much exceeding that 
requisite to melt rocks, (7000°F.) should exist in any part of 
the molten nucleus. It may even be admitted that the whole 
globe was cooled down very nearly to that point, before a crust 
began to form over it. For still, according to the conclusions of 
Fourier, it would require an immense period to cool the inters 
nal parts, so that they should lose their fluid incandescent state, 
after a crust of some 20 miles thick had been formed over them. 
In the second place, we have the case of currents of lava, which 
cool at their surface, so as to permit men to walk over them, 
while for years, and even decaaes of years, the lava -beneath is 
in a molten state, and sometimes even in motion. And if a crust 
can thus readily be formed over lava, why might not one be 
formed over the whole globe, while its interior was in ^ melted 
state : and if a crust only a few feet in thickness, can so long 
preserve the internal mass of lava at an incandescent heat, why 
may not a crust upon the earth, many miles in thickness, pre- 
serve for thousands of years the nucleus of the earth in the 
same state ? True, if we immerse a solid piece of metal in a 
melted mass of the same, the fragment will be melted : because 
it cannot radiate the heat which passes iyito it : but keep one ; 
side of the fragment exposed to a cold medium, as the crust of 
the earth is, and it will require very much stronger heat to melt 
the other side. If the crust of the globe were to be broken into 
fragments, and these plunged into fluid matter beneath, pro- 
bably the whole woula soon be melted, if the internal heat be 
strong enough. But so long as its outer surface is surrounded 
by a medium, whose temperature is at least 58*^ below zero, 
nothing but a heat inconceivably powerful, can make much im- 
pression on its interior surface. In the third place, a globe of 
water intensely heated at its centre, and covered by a crust of 
ice, is not a just illustration of a globe of earth in a similar con* 



264 OBJECTIONS TO THE DOCTRINE OF INTERNikL BEAT. 

dition, oovered b^ a ciuat of rocks and soils. For between iee 
and water there is no intermediate or semi-fluid condition. As 
soon as the ice melts, there exists a perfect nfobility among the 
particles ; so that the hottest, because the lightest, would always 
oe kept in contact with the surrounding crust of ice, and melt 
it continually more and more : especially as ice, bein? a perfect 
non-conductor of heat, would not permit any of it to pass 
through, and by radiation prevent tne melting. Ob the other 
hand, oetween solid rock and perfectly fluid lava, there is every 
conceivable degree of spissituae ; and of course every deeree of 
mobility among the particles. Hence they could not m that 
semi-fluid stratum, arrange themselves in the order of their 
specific gravities; and therefore, the layer of greatest heat 
would not be in contact with the unmelted solid rock. True, 
the heat would be di&sed outwards, but so long as the hard- 
ened crust could radiate the excess of temperature, the melting 
would not advance in that direction. This would take place 
only when the heat was so excessive, that the envelope could 
not throw it ofl* into space. 

Obj. 4. It U maintainec], that if the earth was originally in a fluid or 
gaseous state, and subse<}uently condensed, the solidification would, com- 
mence at the centre and proceed outwards. The solidification of a nu- 
cleus at the centre by pressure, would throw out much heat, b^ which a 
layer around the nucleus would be expanded, so as to become lighter, and 
to cause heavier particles to take its place. These would at length become 
solidified, and thus' would this process gradually advance towards the cir- 
cumference of the globe, until the whole was converted into a solid mass. 
This is the view of M. Poisson. See Am. Jbumal of Science^ Vol. 34. 
p. 61. 

Ans. If it be admitted that the order of solidification in a globe conden- 
sing from a fluid or a gaseous state, would be from the centre to the cir- 
cumference, while that globe was surrounded by a medium of very hish 
temperature, yet if the temperature were such as actually surrounds the 
eartn, radiation must produce a crust over the surface; and when once. a 
solid crust was formed, then the conclusions of Baron Fourier, already ex- 
fdained, would follow. Even though enormous pressure might make the 
central parts more dense than the crust, still this would so confine the 
heat that a high temperature might exist in the interior. In every case 
in which experiments have been made upon the cooling of intensely 
heated bodies, a crust forms over tile, surfiioe, which much retards the re- 
frigeration of the central parts. All known analogies, therefore, are op- 
posed to this hypothesis. 

Rem. M. Poisson resorts to a most extraordinary supposition fo ex- 
plain the observed increase of temperature as we descend into the earth. 
He assumed ^ true, the suggestion of the elder Herschel, that the solar 
system is in motion through space, and that the temperature of this space 
is so different in different, parts, as^to heat the earth to a ^eat depth at 
one time, and then, while passing through the frigid regions, it is gradually 
giving off its heat. It is hardly necessary to say, (hat such a movement 
of the eolar system as is here supposed hafl scarcely nothing but conjecture 
to prove it But if it be admitted, we cannot imagine what evidence 
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there is, that different portions of the space passed over should have more 
than a very slight difference of temperature. This is, therefore, an hypo- 
thesis based upon hypothesis. WheweWs Hist. InduU, Sci, Vol. 3. p. 561 

Hypothetical state of the Globe in the earliest Times. 

Rem. The theory of central heat, as already explained, extends no fur- 
ther back in the world's history than to the timft when the globe wa« in 
a state of fusion from heat : and the chemical theory, which ascribes sub- 
terranean heat to the oxidation of a metallic nucleus, does not necessarily 
describe the state of things in the beginning. But the mind naturally in- 
quires, whichever of these theories is adopted, what was the state of thing* 
at the commencement, or at the earliest period of which we can obtain 
any glimpses. To gratify this curiosity the two following hypotheses have 
been suggested. It ought, however, to be remarked that though they be 
entirely groundless, the theories of central heat and of the oxidation of 
a metallic nucleus, may nevertheless be true. 

First hypothesis. This is advanced by the advocates of 
original igneous fluidity, and supposes that previous to that 
time, the matter of the globe had been in a state so intensely 
heated, as to be entirely dissipated, or converted into vapor and 
gas. As the heat was gradually radiated into space, condensa- 
tion would take place : and this process would evolve a vast 
amount of heat, by which the materials would be kept in a 
molten state, until at length a solid crust would be formed as 
already exj^ained. 

Arguments in favor of this Hypothesis, 

1. The nature ef corned shows that worlds may be in a gaseous state. 
These bodies appear to have *' no more solidity or coherence than a cloud 
of dust, or a wreath of smo&e," — " through which the stars are visible 
with no perceptible diminution of their brightness." WhetoeWs Bridge'- 
tocUer TVeatise^ p. 153, 153. Sometimes, however, they appear more dense 
towards their centre, and well defined circular nuclei have been seen in a 
lew. It has been thought, also, that some of them become more dense at 
tiieir successive returns. Dr. Herschi'l regards them all as self luminous. 
Now in such facts do we not see a striking resemblance to the early con- 
dition of our globe, according to this hypothesia — to its condition before it 
had become so much condensed as to be a fluid incandescent mass. 

3, The nebuls a^^ar to be similar in composition to comets : though 
not yet actually converted into comets. They prove that a vast amount 
of the matter of the universe actually exists in the state of vapor. 

3. 1 he sun, and probably the fixed stars, appear to be examples of im« 
mense globes so far condensed as to be in a fluid state by intense heat. 
This heat, perhaps, is still povperful enough to dissipate the more volatile 
materials, which form a vast zone around the sun's equator and produce the 
zodiacal light. 

4. The process of refricreration appears to be still farther advanced upon 
the moon : so much so, that it has ceased to be self-luminous. A nd yet 
its entire surface bears the marks of volcanic desolation : so that it is 
doubtful whether even yet it is in such a condition that beings like man 
could inhabit it. JiakciceWs Geology, p. 384. 

23 
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5. Some of the other planets appear to be in a transition state between 
habitable and uninhabitable worlds. Thus, a remarkable nebulosity sur- 
rounds the asteroid planets, Juno, Ceres, and Pallas. Jupiter is not, im- 
probably covered with water.; and Saturn by a fluid lighter than water. 

6. All these facts render it probable that other worlds are passing 
through the successive stages of refrigeration to which the hypothesis un- 
der consideration supposes the earth to have been subject, fhey afford 
us some glimpses of a far reaching law of nature on this subject. 

Second hypothesis. This hypothesis supposes the globe to 
have been created a mass of combustibles and metals uncom- 
bined : to which were suddenly added water, the atmosphere, 
chlorine, iodine, and perhaps hydrogen. The chemical action 
that would ensue, wpuld produce an intense ignition and com- 
bustion of the whole surface of the planet : a new and oxidized 
crust would be formed over it ; that crust would be rent and 
dislocated, as we now find it to have been. But as the crust 
became thicker, water and other agents, which act enereeticalljr 
on the uncombined metals, would less frequently reach them ; 
and at length the surface would become habitable. Am. Jour, 
Scierice, Vol. 14. p, 88. 

Proof. It is not pretended that any facts directly corroborative of thi« 
hypothesis are known. But the facility with which it explains the changes 
that have taken place on the globe, is supposed to render it probable. 

Prin. It is doubtful whether geologists will ever be able 
from their science to ascertain the state of things at the begin 
ning, or the first condition of created matter. For though 
they may go far backward in tracing the changes which the 
earth has undergone, yet the condition of things becomes so 
diiTerent from the present the farther they penetrate the past, 
that the thread oi analogy fails. Hence it is, that so many 
theories of the earth have not only been failures, but have 
brought ridicule upon the whole science of geology. When 
geologists shall be contented to trace effects to their proximate 
causes only, and leave the origin of things untouched, they will 
find their science resting on a firm foundation. WhewelVs 
Philosophy of the Inductive Sciences, Vol. 2. p. 1 06. • London^ 
1840. 

Intensity of Action in the Causes of Geological Change, or Ike 
Doctrine of Catastrophes and of Uniformity. 

First theory. Mr. Lyell contends that the causes of geo- 
logical change now operating upon the globe, with no increase 
of intensity, that is, acting with no more energy than at pres- 
ent, are sufficient to account for all the revolutions which the 
crust of the earth has undergone. He admits of no irregulari* 
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ties or catastropKes ereater than now take place ; and supposes 
til at the effects which transcend any single eiFect of existing 
causes, have been the result of repetitions, sometimes almost 
endless, of present agencies. In other words, he supposes that 
things have remained from the beginning subject to no greater 
changes than they experience at the present time. To prove 
these positions is the great object of his able work on the Prin- 
ciples of Geology. 

Proof 1. It IS agreed on all hands, that the nature of geo- 
logical causes has been the same in all ages ; although even as 
late as the time of Cuvier, he says that '* none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works. 

2. An indefinite repetition of an agency on a limited scale, can 
produce the same efiects as a paroxysmal effort of the same 
agency, however powerful : provided the former is able to pro- 
duce any effect, as for instance, in the accumulation of detritus, 
the elevation of continents, the dislocation of strata, &c. Now 
it is unphih)sophical to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phe- 
nomena. 

3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formation by exist < 
mg aqueous and igneous agencies : and if a few have not yet 
been detected in the process of formation, it is probably because 
they are produced in places inaccessible to observation. 

Second theory. This theory admits that no causes of geologi- 
cal change, different in their nature from those now in action, 
have ever operated on the globe : in other words, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but it maintains that 
the existing causes operate now in many cases, with less inten- 
sity than formerly. 

Proof 1. The spheroidal figure of the earth and other facts 
already detailed, seem to render almost certain the former fluidity 
of the globe. Now, whether that fluidity was aqueous or igne- 
ous, or both in part, it is certain that the agencies which pro- 
duced it must have operated in earlier times with vastly greater 
intensity than at this day, and that their energy must have been 
constantly decreasing from that time to the present 

2. Still more direct is the evidence from the character of 
organic remains in high latitudes, of the prevalence of a tem- 
perature in early times hotter than tropical : too warm, indeed, 
to be explained by any supposed change of levels in the dry 
land. And if this be admitted, heat must have been more 
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powerfxil in its operation than at present ; and this would in- 
crease the aqueous, atmospheric and organic agencies of those 
times. 

3. No agency at present in operation, without a vast increase 
of energy, is adequate to the elevation, several thousand feet, 
of vast chains of mountains and continents ; such as we know 
to have taken place in early times. A succession of elbvations 
by earthquakes, repeated tnrough an indefinite number of ages, 
the vertical movements being only a few feet at each recur* 
rence, is a cause inadequate tp the effect, if we admit that earth- 
quakes have exhibited their maximum energy within historic 
times. Besides, it is difficult to conceive how a continent could 
be sustained several thousand feet high, unless melted matter be 
forced in beneath its crust. But earthquakes, and even the 
whole amount of volcanic power, if the doctrine of internal heal 
be rejected, could not supply any such prop. If we could sup 
pose a succession of earthquakes, acting for thousands ox 
millions of years along some anticlinal axis of great length, wv 
have reason to suppose from their known operation, that some 
times they would elevate, and sometimes sink down the sur 
face ; so that the final resultant would be probably little chan^ 
of level, and not an elevation like the Andes or the Himmalayah 
mountains. 

4. In a majority of cases, the periods of disturbance on the 
globe appear to have been short compared with the periods of 
repose that have intervened : as is obvious from the fact that 
particular formations have the same strike and dip throughout 
their whole extent : unless some portions have been acted upon 
by more than one elevatory force : and then we find a sudden 
change of strike and dip in the formations above and below. 
Whereas, had any of the causes of elevation now in operation 
lifted up these formations by a repetition of their present com- 
paratively minute effects, thei^ ought to be a gradual decrease 
m the dip from the bottom of the formation upwards, and no 
sudden change of dip between any two consecutive formations, 
unless some strata are wanting. At the periods of these eleva- 
tory movements, therefore, the force must have been greater 
than any that is now exerted, to produce analogous effects. 

5. The sudden and remarkable changes in the organic con- 
tents of the strata, as we pass from one formation to another, 
even when none of the regular strata are wanting, coincides ex- 
actly with the supposition of long periods of repose, succeeded 
by destructive catastrophes. Nor is the supposition that species 
of animals and plants have become gradually extinct, and have 
been replaced by new species, by a law of nature during periods 
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of repose, gustalned by aoy facts that have dccuxred within the 
historic period : no example having been discovered of the crea- 
tion of a new species by such a law ; and not more than one or 
two (the Dodo and Apteryx) of the extinction of a species. 
WheweWs Hist. Indtbc. Scu Vol. 3. p. 589. 

6. We have no evidence that the most important of the older 
rocks, both stratified and unstratified, are produced by any 
causes now in operation. That they may be produced deep in 
the earth, where igneous causes are still in intense operation, is a 
plausible hypothesis, but unsustained by a single example of 
the production of mica slate, gneiss, granite, or syenite. The 
highly crystalline and in other , respects peculiar character of 
these rocks, as well as their entire deficiency of traces of or- 
ganic existence, when they were formed, point to a state of the 
globe different from the present, but different only because 
existing causes, especially heat, operated then with greater 
energy than at present. 

7. Glacio-aqueous agenoy, since the deposition of the tertiary 
strata, requires for its explanation a greater intensity of action 
in existing geological agencies than is known at the present day. 
This point, however, has been so fully discussed in Section Y II, 
that nothing more need be added here. 

8. Upon the whole, with the exception of glacio-amieous 
action, were we to confine our att^tion to the tertiary and allu- 
vial strata, it might be possible to explain their phenomena by 
existing causes, operating with their present intensity. But 
when we examine the secondary and primary rocks, we are 
forced to the conclusion that this hypothesis is inadequate : and 
that we must admit a far greater intensity in geological agencies 
in early times than at present. 

9. But the question here arises, how long a period shall we 
assume as a measure of the intensity of existing agencies ? The 
most strenuous advocates of the doctrine of uniformity will ad- 
mit of some oscillation in the intensity of these agencies ; be- 
cause a single year shows it. How then shall we determine 
how wide that oscillation may be 7 Tn order to obtain the 
average intensity, how can we say but that all geological cycles 
must be included ? To make any particular portion of time 
the measure of all the rest, must be an arbitrary assumption. 
And therefore, we cannot ascertain what is the standard or the 
average of intensity : and until this can be done, is the subject 
considered under tnis head any thing more than a controversy 
about words ? The alluvial period has been assumed in the 
above argument as the measure of all that have gone before it. 
But can any reason be given why this should be taken rather 
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tban a longer one ? and who knows how much greater intensity 
existing causes may yet exhibit, during the alluvial period, 
than they have done ? Since we know that some catastrophes, 
however small they may be regarded, have occurred during the 
alluvial or historic period, all presumption against more power- 
ful ones in future is taken away : and as to past changes, we 
must judge of the intensity of the producing agencies by the 
effects. See an able view of this subject in WheweUs PhUosth 
fhy of the Inductive Sciences^ Vol. 2. p. 123. 

Character and Repletion of Metallic Veins. 

Rem. The subject of metallic veins, — one of the most difficult in' {^eolog^, 
tilthongh touched upon in several places in this work, has been mainly 3e* 
ferred to this place ; because it could not be well understood without an ae- 
quaintance with nearly the whole of geology. 

« Descr, The metallic matter, called ore, rarely occupies the 
whole of the vein : but is disseminated more or less abundantly 
through the quartz, sulphate of baryta, wacke, granite, &c. 
which constitutes the ereater part of the vein, and is called the 
gangue, matrix or veinstone. Often the ore and the gangue 
form alternating layers. Sometimes there are cavities lined 
with crystals, which cavities are called druses. 

Descr. Metallic like other veins vary very much in width, 
both in a vertical and a horizontal direction. They are of un^ 
known depth ; for scarcely ever have they been exhausted 
downward. The deepest mine that has been worked, is that at 
Truttenberg in Bohemia : which has been explored to the depth 
of 3000 feet. 

Descr. In all cases metallic like other mineral veins, are 
filled with matter different from the rocks which they traverse. 
In some instances they are obviously of the same age with the 
containing rock, but m a majority of cases, they are fissures 
that have been subsequently filled. They exhibit almost every 
variety of dip and strike, and yet it has been thought that they 
very often affect an east and west direction, though frequently 
they run north and south, and their dip usually approaches the 
perpendicular. These veins often ramify and diminish until 
they finally disappear. Their width is very various ; from a 
mere line, up to some hundreds of feet. The metallic veins of 
Cornwall vary from an inch to 30 feet in width. The contents 
are sometimes arranged in successive and often corresponding 
layers on each side. 

Descr. The contents of metalliferous veins often vary in the 
same vein, in difierent rocks, through which it pasaeSi both per- 
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pendicularly and in tlie direction of the vein. Its width also 
Taries in the same manner. 

Descr, Metallic veins are most numerous in primary and 
transition roc)cs. No vein is worked in Great Britain above 
the new red sandstone. Nor are any explored of much impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the Cordilleras of Chili, also 
tertiary strata, which have* become crystalline by the proximity 
of granite, are traversed by true metallic veins of iron, coi^r, 
arsenic, silver, and gold, which proceed from the underlying 
granite. 

Descr, As a general fact, metallic veins are most productive 
near the junction of stratified and unstratified rocks. Their 
productiveness depends also on their direction, in some measure : 
an east and west direction being regarded as the most favorable 
in Cornwall ; while the cross courses, or north and south veins, 
are usually unproductive. 

Descr. Mr. Carne finds e:yidence in Cornwall of the existence of metal- 
tic veins of no leds than six or eight different ages : a case analagoas to the 
one exhibited on Plate 3. WhewSes Hist, Indue, Sciences^ Vol, 3. p, 640. 
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Fig. 120. 
Fig. ISO, ii ■ cection of tin uid coffMr rani 
near Redruth in Cornwall. The; generalLy 

CI from the kiJIa*, Of alate, into the granite 
Hth. The •ectian mches to the depth 
of 1900 bet. Tb» dotted lioea repreunts the 
tin lodes, (veina) and tlie continuous lines, the 
capper lodei. 



1. Werner Bupposed that veins wen % 
fiiButea filled by aqueous infiltration ^ 
from above. But it is probable that thia h 
hypothesis will apply to scarcely a siDgla ^ 
example of all the varieties of veins. % 

2. Hutton mpposed that veins wera ^ 
filled by melted matter injected from t^ 
beneath. And the facts that have been .'^ | 
detailed in this work, make it almost | f 
certain, that a large part of the veins, ®^ 
filled by unstratined rock, were thus -S 
produced. Indeed, it is often practicable .5 
to trace these veins to tbe central mass ^ 
from which they proceeded, and to ^ 
follow them at the other extremityj as ^ 
they thin off and aie lost It is almost =i 
equally certain that many metallic veins J 
were tfius prodnced. 

3. Prof. Sedgwick supposes some 

veins to have been produced by chemical ri 

segregation from the rock in which they J 

occur, while that was in a yielding state ; ^ 

just as the nodules of flint were segre- g 

gated from chalk, or crystals of simple O 

minerals from the rocks in which they 
are now found imbedded. That many 
veins were podueed in this manner can 
hardly ba doubted : for sometimes we 
find them passing by insensible grada- M 

tion into the including rock, and thus ^ 

showing that they are of contemporaneous origin, with the 
rock, while both were in a fluid state. In such cases chemical 
segregation is the only known principle by which the veins 
could have been formed. 
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4. Mr. Fox and M. Becquerel refer the origin of many me- 
tallic veins to electro*cliemical agencies Tvhich are operating at 
the present day, to transfer the contents of veins even from the 
solia rocks, in which they are disseminated, into fissures in the 
same. The former of these gentlemen has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electromagnetic in- 
fluence : that IS, they constitute galvanic circuits, whereby nu- 
merous decompositions, and recompositions, and a transror of 
elements to a considerable distance, may be effected. He was 
induced to commence experiments on this subject, by the analogy 
which he perceived between the arrangements of mineral veins 
and voltaic combinations. And he thinks if such an aeency be 
admitted in the earth, it shows why metallic veins, having a 
nearly east and west direction, are richer in ore thui others ; 
since electro-magnetic currents would more readily pass in an 
east and west than in a north and south direction, in conse- 
quence of the magnetism of the earth. M. Becquerel has 
shown, that even insoluble metallic compounds may be pro- 
duced by the slow and long continued reaction and transference 
of the elements of soluble compounds by galvanic action. He 
has also made an important practical api^cation of these prin- 
ciples, which is said to be in successful operation in France : 
whereby the ores of silver, lead and copper, are reduced with- 
out the use of mercury. Biicklafu^s Bridgewater Treatise^ 2d, 
Edition, p. 552, and 615, Vol. 1. and p. 108, Vol, 2. This in- 
genious theory bids fair to solve many per^xing enigmas re- 
lating to metallic veins ; and to prove that some of them may 
even now be in a course of formation. 

5. M» Neckar and Dr. Buckland suggest, that some mineral 
reins may have been filled by the sublimation of their contents 
into fissures and cavities of the superincumbent rocks, by means 
of intensely heated mineral matter beneath. Thus, it has been 
shown that by heating galena in a tube, and causing its vapor 
to unite with that of water, a new deposition of that mineral 
was produced in the upper part of the tube ; and in a similar 
manner boracic acid, which by itself does not sublime, may be 
carried upwards and deposited anew. Buckland! s Bridgewater 
Treatise, Vol. 1. ^. 551. Phillips^ s Geology, p. 273. 

Conclusion. Probably it will be necessary to call in the aid of nearly all 
Ibe preceding hypotheses to explain the complicated phenomena of mineral 
veins. 

For accurate accounts of this difficult subject see PhiUip^s TVeatise on 
Geology, Vol. 2. Chapter VII J. Also De La BeMs Geological Report on 
CamwaU and Devon^ Chapter X. 
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SECTION IX. 

CONNBCTION BBTWSEN OEOLOOT AND NATURAL AND 

REYEALKD RELIGION. 

1. JUiAStratiottS of Naiural Religion from Geology. 

Hem, The beftring of geology upon religion, has always excited a good 
deal of intexest and of discuanon : and being ia tome respects pecnKar and 
important, a treatise on geology, which omits this subject, most be coBsids. 
ered as deficient 

Prin. Geology shows us tliat the existing system of things 
upon the globe had a beginning. 

Proof 1. Existing continents have been raised from the bot- 
tom of the sea, where most of their snrfaee was formed by de- 
positions. 2. With a few exceptions, the existing races of ani- 
mals and plants must have been created*since the deposition of 
all the rocks except the diluvial ; since their remains do not 
occur in the older rocks. Hence it appears that not.oj^y the 
present races of oreanic beings, but the land which they inhabit, 
are of comparatively modern production. 

Inf. 1. Hence it is inferred that the existing races of animals 
and plants must have resulted from the creative energy of the 
Supreme Being : for even if we admit that existing continents 
might have been brought into their present state by natural 
causes, the creation of an almost entirely new system of organic 
beings, could havMresulted only from an exertion of an infinitely 
wise and powerful Being. Indeed, the bestowment of life must 
be regarded as the highest act of omnipotence. 

hif 2. Hence the doctrine which maintains that the opera- 
tions of nature have proceeded eternally as they now do, and 
that it is unnecessary to call in the agency of the Deity to ex- 
plain natural phenomena, is shown to he erroneous. 

Inf, 3. The preceding inferences being admitted, natural 
theology need not labor to disprove the eternity of matter ; since 
its eternal duration might bie admitted, without afiecting any 
important doctrine. See Chalmeri Works, Vol, 1 . Chap. F. on 
Natural Theology ; where this subject is admirably treated. 

Prin, Several different systems of organic life nave aj^ar- 
ed on the globe, adapted to its varying conditions, as to tempe- 
rature, moisture, fooa, and other circumstances. In the opimon 
of many geologists, also, numerous changes took place on the 
globe previous to the creation of animals and plants ; all of 
which tended to prepare it for their dwelling place. 

Inf. 1. Hence it appears that the Deity has always exer- 
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cised over the globe a superintending Providence ; and when- 
ever it was necessary, has interfered with the regular sequence 
of events. 

Inf. 2. A presumption is also hence obtained, that the mat- 
ter of the globe had a beginning : or at least, all presumption 
against its creation out oT nothing, is taken away. For there 
mast have been a commencement, to a series of chanees in which 
there is continued improvement, (such as the globe has actually 
experienced ;) and it is a priori as probable, that at the begin- 
ning of these changes, matter was called into existence, as that at 
successive periods new races of animals and plants were created. 

Prin, In all the conditions of the globe from the earliest 
times, and in the structure of all the organic beings that have 
successively peopled it, we find the same marks of wise and 
benevolent adaptation, as in existing races ; and a perfect unity 
of design extending through every period of the world's his- 
tory. 

Proof 1. The anatomical structure of animals and plants 
was very different at different epochs: but in all cases the 
change was fitted to adapt the species more perfectly to its pe- 
culiar condition. 2. To communicate the greatest aggregate 
amount of happiness, is a leading object in the arrangements of 
the present system of nature : and it is clear from geology, that 
this was the leading object in all previous systems. 3. The 
existence of carnivorous races among existing tribes of animals 
tends to increase the aggregate of enjoyment, first, by the hap- 
piness which those races themselves enjoy^secondly, by the 
great reduction of the suffering which disease and gradual de- 
cay would produce, were they not prevented by sudden death : 
and thirdly, by preventing any of the races from such an exces- 
sive multiplication as would exhaust their supply of food, and 
thus produce great suffering. Now we find that carnivorous 
races always existed on the globe ; showine a perfect unity of 
design in this respect Thus when the chambered shells, so 
abundant in the secondary rocks, and which were carnivorousj 
became extinct at the * comme»eeflj|lit of the tertiary epoch, 
numerous univalve molluscs were created, which were carnivo- 
rous : although till that time these races had been herbivorous* 

Inf. 'From these statements we infer the absolute perfec- 
tion, and especially the immutable wisdom of the Divine charac- 
ter. A minute examination of the works of creation as they 
now exist, discloses the infinite perfection of its Author, when 
they were brought into existence : and geology proves Him to 
have been unchangeably the same, through the vast periods of 
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past duration, which that science shows to have dapsed since 
the otiginal formation of the matter of our earth. 

Rem. The whole of this subject is admirably developed in the fate splen- 
did Bridgewater Treatise, by Dr. Buckland. 

Prin. Geology furnishes many peculiar proofs of- the be- 
nevolence of the thiiy. The following are the most striking. 

1 The formation of Soils by ikt decomposition of Rocks, 

Ulus, The disintegration of rocks, which we every where 
witness, strikes the mind at first as an exhibition of decay, in- 
dicating some defect of contrivance on the part of the Deity. 
But when we find that the soils resulting from this decomposi- 
tion are exactly adapted to the growth of plants, and that these 
are essential to the existence of animals, we can no longer 
doubt but we have before us a bright exhibition of benevolent 
design. 

2. The. disturbances thai have taken place in the eartKs crust* 

Illus. To a person not ^miliar with geolo^, the elevation, 
disruption, contortion, and overturnings, exhibited by the rocks, 
present a scene of confusion and chaos rather than proofs of be- 
nevolent design. But suppose the strata had remained horizon- 
tal, as first deposited. Nearly all the beds of valuable rocks 
and minerals must have been hidden from human view, and ren- 
dered inaccessible. But the disturbances experienced by these 
strata have brougfal them within the reach of human industry. 
Design then is manifest in this apparent confusion. 

3. TA« formation of Valleys. 

Illus. In mountainous countries these have resulted mainly 
from the elevation and dislocation of the strata. They have, 
however, been greatly modified and rendered beautiful and ara- 
ble, by means of atmospheric and aqueous agencies ; and to 
these latter causes most of the valleys in level countries owe 
their origin. Now without valleys, the earth would be unin- 
habitable ; because there could be no circulation of water, and 
stagnation and death would pervade all nature, even if we ad- 
mit enough of inequality to redeem a part of the earth from the 
ocean. 

4. The distribtition of Wateu 

lUus, v7e might at first suppose, tb sit in mountainons region^ 
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all the water would soon be accumulated in the Talleys. . Where* 
as sueh are the nature and situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. The al- 
ternations of pervious with impervious strata form natural re- 
servoirs of water in the earth, and those dislocations of the 
strata, termed faults, tend to render these reservoirs still more 
perfect, while the fact that springsi occur in almost every part 
of the earth, show that enough communications exist to the 
surface to allow of the passage of sufficient water for the support 
of animals and vegetables. These springs,- uniting into rivers, 
find their way into the ocean ; where an equal quantity of wa- 
ter is evaporated, and brought back by clouds into the regions 
where this perpetual drain is going on. Thus a constant cir- 
culation is kept up; while the hydraulic arrangements of the 
earth's crust are such as to keep a constant supply in all those 
places whefe it is needed. Surely here is benevolent design ; 
and design too brought about by apparent disorder and confusion. 

5. The distribution of Millie Ores, 

Jllus. If the earth has been in a state of fusion, we should 
expect that the metals, being generally heavier than other min- 
erals, would have accumulatea at the centre, and have disap- 
peared from the earth's crust. But by means of sublimation, 
segregation, and other agencies, enough of these metals has 
been brought so near the surface as to be accessible to man. 
Yet they are not so abundant, nor so e^usily obtained, as not to 
demand patient industry and ingenuity, whose exercise is indis- 
pensable to human improvement ana happiness. Again, the 
most important of. these metallic ores, — ^iron, lead, copper, &c. 
are most abundantly distributed and most easily obtained. 

6. GlacuhoqtieotM Agency, 

Illus. The effect of those powerful agencies, until recently 
regarded as exclusively diluvial, that have swept over large por- 
tions of the earth's surface in past times, has been to wear 
down its more rocky and salient parts, to convert steep escarp- 
ments into gentle slopes, and to increase the quantity of soil, 
and spread it more extensively over the aurface. Hence, 
though at first a desolating agency, its ultimate effect is most 
salutary. 

7. Volcanic Agency. 
Illus. It operates, in the first place, as a safety yelvd} to pra- 
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vmt those vast accumulations of heat which exist in the earthy 
from rending whole continents in jneces : in the second place, it 
aids in raising continents from the ocean and in the formation 
of valleys. 

Obj. Why should net a benevolent Being, who is omnipo- 
tent, secure to his creatures the benefits which result &om vol- 
canic agency, without the attendant evils, such as the destruo- 
tion of pr^rt}r and life ? 

Ans. This is a question that meets the student of natural 
theology at almost every step of his progress: for we find al- 
most universally, that evils are incident to operations whose 
natural tendency and general eil&ct are beneficial. Probably it 
is so. because a greater amount of good can thereby be secured 
in the end. But the existence of evil is one of those difficult 
subjects, whose complete elucidation . ought not to be expected 
in this world. • -^ 

8. The accumulation of extensive deposits of coal^ rock salt^ 
gypsum, marble, 49nd other valuable minerals, for the use 
of man, during the long periods that preceded his exist- 
ence, 

Illus. While the earth was in a state unfit for the animals 
and plants now existing upon it, it was covered with a gigantic 
vegetation, whose relics became entombed, and were gradually 
converted into those beds of coal, which are now in the course 
of disinterment, and which are so important to human improve- 
ment and happiness. Then also, rock salt, gypsum, and mar- 
ble, were slowly preparing for the service of beings to be created 
centuries afterwards. Can there Jbe a doubt but this is a beau- 
tiful example of the prospective benevolence of the Deity 1 

9. The adaptation of the natures of different groups of ani- 
mals to the varying condition of the globe. 

Illus. The Deity intended the world ultimately to become 
the residence of intellectual and moral beings : but for wise 
reasons he chose to bring it by slow processes of change into a 
fit condition for their residence. Yet his overflowing benevo- 
lence prompted Him to people the world, during this transition 
state, with animals whose natures were perfectly adapted to its 
condition. And as often as that condition changed, did he change 
its inhabitants and their constitution. He might have left it 
desolate during these mighty periods of preparation. But infi- 
nite benevolence would not permit* 



VAST PLANS OF THE DSITT. 279 

Prtn. Geology enlarges our conceptions of the plans of the 
Deity. 

Exam. 1. The prevailing opinion, until recently, limits the 
duration of the glooe to man's brief existence, which extends 
backward and forward only a few thousand years. But geology 
teaches us that this is only one of the units of a long series in 
its history. It develops a plan of the Deity respecting its pre- 
paration and use, grand in its outlines, and beautiful in its exe- 
cution ; reaching far back into past eternity, and looking for- 
wards, perhaps indefinitely, into the future. 

2. Each successive change in the condition of the earlk thus 
far, appears to have been an improved* condition : that is, bet- 
ter adapted for natures more and more perfect and complicated 
In its earliest habitable state, its soil must have been scanty and 
sterile, and almost destitute of calcareous matter, except in the 
state of silicates, which plants decompose with difficulty. The 
surface also, was but little elevated above the waters : ftnd of 
course the atmosphere must have been very ilamp ; though the 
temperature was very high. Every subsequent change appears 
to have increased the quantity and fertility of the soil, the 
amount of the salts of lime and geine, and the dryness of the 
atmosphere. Should another change occur, similar to those 
through which it has already passed, we might expect the con- 
tinents to be more fertile and; capable of supporting a denser 
population. 

3. It appears that one of the grand means by which the 
plans of the I>eity in respect to the material world are aecom- 
plished, is constant change; partly mechanical, but chiefly 
chemical. In every part of our globe, on its surface, in its 
crust, and we have reason to suppose, even in its deep interioi^ 
these changes are in constant progress : and were they not, uni- 
versal stagnation and death would be the result. We have 
reason to suspect also, that changes analogous to those which 
the earth has undergone, or is now unoergoine, are taking 
place in other worlds ; in the comets, the sun, l£e fixed stars, 
and the planets. In short, geology has given us a glimpse of a 
great principle of insioMliiy, by which the stcbbility of the uni- 
verse IS sejcured ; and at the same time, all these movements and 
revolutions in the forms of matter essential to the existence of ■ 
organic nature, are produced. Formerly the examples of decay 
so common everywhere, were regarded as defects in nature : 
but they now appear to be an indication of wise and benevolent 
desien : — a part of the vast plans of the Deity for securing the 
stability ana happiness of the universe. 
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2 Connection of Geology with Revealed Religion* 

Prin, Revelation does not attempt to give instruction in the 
principles of science : nor does it use the precise and accurate 
langua^ of science : but the more indefinite language of casor 
mon liie. Nor docs science attempt to teach the peculiar truths 
contained in revelation. 

Inf. 1. Hence it is only where revelation incident^y touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

Ir^. 2. Hence th^re may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of a 
difference in the language employed : ex. gr. : the Bible appa- 
rently contradicts astronomy, when it asserts that the earth is 
immoveable, and that the sun rises and sets : but that here is 
no real disagreement, is too obvious to require proof. 

Inf. 3. Hence it is reasonable to expect, only that the prin- 
ciples of acienoe, rightly understood, should not contradict the 
statements of revelation, rightly interpreted. Unexpected co- 
incidences, however, may occur between the two subjects ; and 
these will tend to strengthen our belief^n the truth of both. 

Inf. 4. Hence the points of apparent discrepancy ou^t to 
be more numerous than the points of agreement between science 
and revelation, in order to prove a real contradiction between 
them: for it is as difficult to explain ap aj^rent agreement, 
where there is real discrepancy, as the reverse. 

Points of Coincidence between Geoh&gy and Revelation. 

1. They aeree in representing our present continents as for- 
merly covered by the ocean. 

Proof That they were thus submerged, iff one of the best 
settled principles of geology ; and that revelation teaches the 
same, appears from Genesis, 1 : 1, 9. 

2. Tney agree as to the agents employed to produce geologt'^ 
cal changes on the globe : viz. water and heat. 

Proof Water is the only agent directly named in 'Genesis: 
and the elevation of the land is imputed directly to the exertion 
of Omnipotence. But in Psalm 104: 2. 4 to 7, where this 
operation seems to be described, the voice of Go^s thundery there 
represented as the agent, may reasonably be understood to refer 
to volcanic agency. This same agency is represented as hav- 
ing destroyed the cities of the plain, according to Dr. Hender- 
son's translation of Job 22 : 15 /o 20. A future change in the 
earth, is also described as resulting from fire, 2d, Peter, 3 : 10. 
See Turner's Sacred History of the World, p. 24, 25. 
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3. They agree in representing the work of creation as pro* 
gressiva, after the first production of the matter of the universe. 
Genesis^ First Chapter. 

4 They agree in the fact that man was among the latest of 
thfi animals created to inhabit the globe. 

Rem. This is a very important point. For had the remains -of man 
been, found am<Hig the earliest organic relieS) while the Bible represents 
him as the last animal created, it Would have > been difficult to see now the 
two records could be reconciled. 

5. They agree in the fact, that the epoch when the existing 
races of animals and plants were placed upon the globe, was 
epmparatively recent. 

Proof. According to revelation, this epoch could' not have 
been more than 6000 years ago ; and although we cannot as yet 
connect geological ana chronological time, there are facts which 
prove that the cojpamencement of the present order of things, 
and of the existing races of animals and plants, cannot have 
been very remote. Their remains occur only in alluvial depos- 
its. Now the quantity pf alluvium at the mouths of rivers, al- 
though often advancing rapidly, is yet comparatively limited. 
The accumulation of fragments at the base of steep rocky pre^ 
cipice^ is still in most cases going on : as is also the formation 
of peat. But had these processes commenced at an immeasur- 
ably remote period, they ought ere this to be completed* Wide 
oceans ought to be converted into alluvial plains, precipices 
should all be levelled, and peat swamps be so filled that the pro* 
cess of its formation would stop. 

6. The facts of geology render the future destruction of the 
earth by fire, a not improbable event 

Proof. Nearly all geologists admit that the earth contains 
vast reservoirs of heat; and if these are brought into action by 
the fiat o£ the Aimighty, the elements might be melted and the 
earth and the things therein he burned up. Or i^ is even easy 
to conceive how this internal heat, without miraculous interfe- 
rence, might, under certain circumstances, produce the same 
result. 

Supposed Discrepancy between Geology and Revelation. 

Descr. The supposed discrepancies between geology and 
revelation, relate first, to the age of the world, and secondly, to 
the period when death, was introduced upon the. globe. 

Descr. Geologists suppose that the changes which have 
taken place on the globe, must have occupied immense periods 
of time ; and that several successive systems of animals and 

24* 
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plants inhabited the worid pievious to the creation of the exist- 
ing races : whereas the Mosaic account, according to the com- 
mon interpretation, represents the matter of the ^lobe to have 
been produced out of nothing, only a few literal days previous 
to the creation of man ; and that all the animals and plants 
that ever lived on the globe, were then brought into existence. 

Rem. I am not aware that this statement has eT^r been formally ad- 
duced by any geological writer in opposition to revelation. But geolo- 
flsts having come to the conclusion that the earth, in some form, must 
ave existed more than 6000 years, some Christian writers have inferred 
that this was opposed to the Mosaic account, and have attempted a defence 
of revelation. And hence has resulted the prevailing opinion, that geolo- 
gists in general have been hostile to the Bible : — an opinion which may be 
vefuted by an appeal to their writings. 

Prin* In order to obviate this objection to revelation, it is 
only^jiecessary to show, that one or more modes exist, of recon- 
ciling the apparent discrepancy, which it would be more rea* 
sonable to adopt, than to infer any real collision between the 
two records. Some of these modes of explanation wiU now be 
briefly described. 

1. Some theological (but no geological) writers maintain, that 
the fossiliferous rocks were not the result of slow deposition and 
eonsolidation : but were created at once, with all their organic 
contents, just as we now find them. 

Refutation, This is admitted to be possible ; because God's 
power is infinite. But our only ground for judging as to the 
cause of any natural changes^ is analogy : — and this is entirely 
opposed to the idea that rocks were thua produced : and every 
example that can be quoted of rocks in a course of formation, 
is in favor of their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited 
by the deluge of Noah. 

Refutation, 1. That deluge must have been for the most 
part violent and tumultuous in its action on the globe : for the 
ocean must have flowed over the land in strong currents ; and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently deposited in quiet waters. 2. If deposited by that 
deluge, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together ; whereas in both 
these respects they are actually arranged with great regularity 
into groups. 3. The period occupied by the Noachian deluge 
was vastly too short for the deposition of rocks, twenty miles m 
thickness, and with a great numoer of entire and distinct chanees 
in their nature and organic contents. 4. The organic remains 
in the rocks do not correi^nd to the animals and plants now 
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liying on the ^obe. But tliis deluge took plaee tinee the ezea- 

tion of the present races ; and, therefore, py this hypothesis, 
they ought to be found in the rocks. Hence they were depos- 
itea before that event 

Rem, An apology is due to the geolbgical reader, for mtroducing a for- 
mal refutation of an hypothesis, which, to him, appears so. entirely absurd. 
The apology consists in the fiict, that many intelligent men are still found 
maintaining this hypothesis. 

3. Some suppose that the fossiliferous strata have been de- 
posited in the intexyal of 1600 years between the creation of 
man and the deluge. 

Refutation. 1. The time since the deluge has been twice as 
long as 1600 years ; but the amount of alluvium depoeited has 
not been one thousandth part as great as the whole fossiliferous 
rocks. Hence 1600 years is vastly too short a period for their 
deposition : since no reason can be given why the process of 
their formation was essentially more rapid before than after the 
deluge. 2. By this hypothesis the sea and land must have 
changed j^ces at the deluge ; in order to bring the fossiliferous 
rocks from the bottom of the sea. But geology renders it ex- 
tremely probable that no interchange of this sort took place so 
recently. 3. On this hypothesis the organic remains ought to 
consist of species of the existing races, with man among the 
number: unless we suppose that several new and distinct 
creations of animals and plants have taken place on the ^lobe 
since man was placed upon it, none of which axe mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from secondary 
agencies ; that is, they have existed in some previous form, be- 
fore assuming their present state. But these chants could not 
have taken place after the creation and multiplication of man; 
because to take away the primary rocks is to take away all 
terra firma on which he could have subsisted. 

. 4. Some regard the six days of the creation, (called the demi- 
urgic days} in the Mosaic account as not literal days of 24 
hours, but periods of indefinite or unequal length, or as the 
representatives of indefinite periods. 

Rem. Three varieties of opinion are embraced in this theory, as above 
itated. 1. The more common supposition is, that the term day is here to 
ie understood figuratively, as embradne a long period of time : a mode of 
Bsing the term, that is frequent in all languages. 2. Some, as Bishop 
Horsley and Professor Jameson, suggest that the revolution of the eartn 
•n its axis was at first ** inconceivably slow," and that it did not ae- 
■ttire its present rate till the close of the fourth day ; so that the first 
four davs may have been of vast duration. Philosophical Magazine^ Vol» 
17. p. 243 : d&0 Vd, 46. p. 227. Still more recently this theoiy hu been 
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•Uy^liieyfttodby Dr. KflithtnhkZ?«immsfraem0^ TVutt <»/ CSbrts^n- 
iPy, p. 127. Ji^T^st ilmmcafi Ediiion^ 1839. 3. Otnen, as Hensler in Ger- 
many, and Professor Bus|i in this coantry, suppose that each of the six 
demmrgic days stands as the closing day, or representative, of an indefinite 
niunber of days, which make up six periods of unknown and perhaps un- 
equal length: during which geolo^cal processes might have been going on. 
American Biblical ReposiU>ry, Vd. 6, p. 236. BvIICs Qttestians and notes 
upon the Bock of Genesis, 2i. ed, 

ArgumcTiis in favor of this Theory. 

1. THe word day is often used in Scripture to express a pe< 
riod of indefinite length, Ex. gr. Luke 17 : 24.«-Jolin 8: 56. Job 
14:6. &e. 2. The sun, moon, and stafs were not created till the 
fourth day ; so that the revolution of the earth on its axis in 
24 hours did not probably exist before that time; and some 
other measure of time must have been adopted, which Moses 
tells us was lieht and darkness : and how often these succeeded 
one another is not revealed; and therefore is unknown. 3. 
The seventh day, or the sabbath, has not yet terminated ; and 
will not, until God shall resume the work of creation*; that is, 
it will continue from the beginning to the destruction of the 
world, and there is no reason why we ought not to regard the 
other demiurgic days as of at least equal length. 4. In order 
to reconcile tne declarations of Scripture with the discoveries 
of astronomy, it is necessary to depart as much from the literal 
meaning as this interpretation demands. 5. This interpreta- 
tion corresponds remarkably with the traditional cosmogonies 
of many heathen nations ; as the ancient Etruscans, ami the 
Hindoos, who describe the demiurnc days as immense periods. 
6. This theory is thought by Professor Jameson and oUiers to. 
develope a striking coincidence between the epochs, of creation 
as described by Moses and by geologists. BaJcewelVs Geology^ 
'p. 450. 

Obj. I. There is no evidence that the word day is used 
figuratively in the first chapter of Genesis, as it is in all other 
places in Scripture where it means an indefinite period, except 
perhaps Gen. 2: 4. On the contrary, the Mosaic description 
of the creation appears to be a very simple and perfectly hteral 
history, adapted to the most uncultivated minds. 2. In the 
fourth commandment (Exodus 20: 9. 10. IL) no one can doubt 
but the six days of labor and the Sabbath, spoken of in the 9th 
and 10th verses, are literal days. By what principle of inter- 
preting language, can the same word in the next verse, where 
the creation is described, be understood to mean indefinite pe- 
riods? See a parallel passage, Exodus, 31: 17. 3. It seems 
from Genesis 2: 5, comoared with Gen. 1:11, 12j that it had 
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not rained on the earth till the third day. If the A&ys were 
only of ^4 hours, this wo^ld be very jMrobable, but altogether 
absurd, ^ they were long periods. 4. Such a meaning hi forced 
and unnatural ; and therefore not to be adopted without a verr 
urgent necessity. 5. By this theory, existing species of av- 
mals and plants ought to be found mixed with the extinct spe- 
cies in all the fossilQerous rocks : for Moses describes <mly one 
creation of the different races. Now the faet that they are not 
thns mixed, shows that they could not have been contempora- 
ries. If then the Mosaic account inclndea the fossil species, it 
does not include the living species : and if it embraces the lat- 
ter, it cannot comprehend tne former. It is hence inferred, that 
the Mosaic, account embraces only existing races, and if this be 
admitted, there is no necessity of supposing the demiurgic days 
to be loneer than literal ones. 6. ii this th^ry be admitted, 
instead of exhibiting coincidence between the Mosaic and the 
geological account of the epochs of creation, it produees be- 
tween them manifest discrepancy. For Moses describes Tege- 
tables to have been created on the third day,^ but animals not 
until the fifth. Hence about one third of the fossiliferoua 
rocks, reckoning upwards, or those deposited during the first 
three days, ought to contain only yegetaUes. Whereas animala 
are found as deep in the rocks as yegetables : nay, in the lowest 
group, nothing but animals hae yet been found. 7. The con- 
clusion from all these statements, is, that Moses does not de- 
scribe the fossil but only the existing races of antmals >and 
]^ants5 and if so, there is no necessity for an extension of his 
demiurgic days into long periods, in order to reconcile his ae«* 
count with geology. 

Rem. For a faUer examination of the preceding theory, See Faher't 
Treatise on the Patricarchal, ZjemtUal, and Christian DispeniaHons: De 
Lmc^s Letters on the Physical History of the Earth: BakewdTs Ckelogyy 2(L 
American Ed, p. 439: and the American Biblical Repository for Ootober. 
1835. It ought perhaps to he remarked, that Faher, who had advocated 
this theory with great ability, has recently given it vp. BtuMand^s 
Bridgewater Treattse^ Vol. 1. p. 597. 2d. Ed. 1837* 

5. Some suppose that the Mosaic account is a pictorial repre- 
sentation of the successive productions of the^ dinerent parts of 
creation, having truth for its foundation, yet not to be regarded 
as literally and exactly true. The terms employed, however, 
are to be understood in their literal sense. 

4 

IUms. Conceive of six separate pictures, 8howin| the work in different 
stages of ita progress. " And as Uie performance of the painter, (says Dr. 
Knapp,) though it must have natural truth for its foundation, must not 
he con-sidered or judged of as a delineation of mathematical or scien- 
tific accuracy, so neither must this pictorial representation of the creation 
be regarded as literally and exactly true.** Knapp*s Theobgy, Vok 1. p. 9M 
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Inf. Whether this interpretation of the Mosaic account be 
ftdmissihle, is a question of mere philology, and cannot be dis- 
cussed in this place : but admitting its correctness, it affords a 
solution for the apparent discrepancy between geology and reve- 
lation : for when it is conceded that the earth may have existed 
a longer time than the usual interpretation of the Mosaic ac- 
count aUows, there is no reascm why the time may not be indefi- 
nitely extended ; which is all that geology requires. 

6. The theory of interpretation which is now the most exten- 
sively adopted among geologists, supposes that Moses merely 
states that God created the world in tire beginning, without fix- 
ing the date oi that beginning; and that passing in silence an 
unknown period of its history, during which the extinct ani- 
mals and plants found in the rocks might have lived and died, 
he describes only the present creation, which took place in six 
literal days, less than 6000 years ago. 

ArgumenU in favor of this theory with objections against it. 
1. It is maintained by some able writers, such as £)athe, Doe 
derlin, &c. in Germany, Mdton in England, and Prof Bush in 
thia country, that the language employed by Moses in the first 
chapter of Genesis, does not mean a creation of the world out 
of nothing ; but only a renovation, or re-modelling of previously 
existing materials. Pentetetuhus a Dathio^ p. S, Doederlinii 
*rheologia^ f, 485. Bushes Questions and Notes on Genesis. 
Such writers of course admit the existence of the globe during 
an indefinite period before the six demiurgic days. The argu- 
ments for their opinions may be found in their works above re- 
ferred to. See also American Biblical Repository ^ Oct. 1835, 
p. 280. 2. The phrase, in the beginnings is certainly indefinite 
as to time, and therefore Moses in Genesis does not fix the time 
of the original creation, even if we admit that he does describe 
that event; and therefore, it is doing no violence to his 'lan- 
guage, to admit this long intervening period between the crea- 
tion of the universe and of man. If it be said, that in the 
fourth commandment Moses does declare the creation of the 
world out of nothing to have been contemporaneous with the 
first demiurgic dily, it may be replied, that when a writer de- 
scribes an event more than once, his briefer description is to be 
explained by his more extended account : so that the fourth 
commandment is to be explained by the fuller description in 
Genesis, of the same event. 3. This view of the first chapter 
in Genesis has been adopted in its essence by many distin- 
guished Christian writers, long before the existence of geology 
as a science : as for example, by Augustine, Theodoret, he. in 
ancient times ^ and by Rosenmuller senior^ Bishop Patrick, &e. 
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in modern times. 4. If sueh aii interval be admitted, it is st^- 
cient entirely to reconcile the scriptural and ^ological accounts : 
because, during that period, all the fossiliferous rocks except 
the alluvial, might have been formed. 5. Astronomy shows us 
that probably other worlds are now undergoing slowly the pro- 
cess of preparation for habitual globes, in a manner analogous 
to that which is supposed to have taken place in the materials 
of the earth, anterior to the demiurgic days. And thus we 
obtain a glimpse of a general principle in the universe* 6.' If 
it be objected according to Moses, the sun, moon, and stars were 
not created till the fourth day, it may be replied that a more 
just interpretation of his language shows his meaning to be, not 
that the heavenly bodies were created on the fourth day, but that 
they were then nrst appointed to serve their present offices; and 
that they might have been in existence through countless ages. 
7. In his late able and most interestin*^ work, On ike Rela^ 
tion, between the Holy Scriptures and some parts of geological 
Science^ Dr. John Pye Smith, who is at the head of a Theologi- 
cal Institution at Homerton near London, and who is distin- 
guished for his knowledge of theology, biblical philology and 
geology, has proposed such an addition to the interpretation of 
Genesis just explained, as in fact to form a new method of re- 
conciling geology and revelation. His principal positions are 
the following. 1. The first verse of Genesis describes the 
creation of the matter of the whole universe, probably in the 
state of mere elements, at some indefinite epoch m pfist eternity. 
% The term earth, as used in the subsequent verses of Genesis 
describing the work of six days, was "aesigned to express the 
part of our world which God was adapting for the dwelling of 
man and the animals connected with him. 3. The narrative 
of the six days work is ^' a description in expressions adapted 
to the ideas and capacities of mankind in the earliest ages, of a 
, series of operations, by which the Being of omnipotent wisdom 
and goodness adjusted and finished not the earth generally, but 
as the particular subject under consideration here, a portion 
of its surface for most glorious purposes. This portion of thd 
earth I conceive to have been a large part of Asia lying be- 
tween the Causican ridge, the Caspian 6ea, and Tartary, on the 
north, the Persian and Indian Seas on the south, and the high' 
mountain ridges which run at considerable distances, on the 
eastern and western flank." P. 285, London Ed. " 3. This 
region was first by atmospheric and geological causes of pre- 
vious operation under the will of the Almighty, brought into a 
condition of superficial ruin, or some kind of general disorder." 
Probably by volcanic agency it was submerged, covered with 
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fogs and clouds, and siibseqaentlv elevated and the atmospliera 
by the fourth day rendexed pellucid.* 4. The sun, moon, and 
stars were not created on the fourth day : but then '' made, 
constituted, or appointed, to be luminaries. 5. The Noachian 
deluge was limited to that part of the world occupied by the 
human race, and therefore we ought not to expect that any 
traces of it oh the globe can now be distinguished from those of 
previous and analogous deluges. 

Bern. It is impoMtble in this place to- present even a soramaTy of the 
powerful reasoning and accurate erudition by which Dr. Smith sustains 
the above positions in his Lectures. The evidence in favor of several of 
them has uready been exfail^ted; and I shall merely state the two lead- 
ing principles by which he supports what is peculiar in his system. 

Proof 1. In the description of the Divine CharacteiP and of 
natural phenomena, the sacred writers use language accomma- 
dated to the knowledge that existed among the people whom 
th^y addressed, and conformed to their notions of the universe. 
Hence, when they wished to speak of the universe to the Jews, 
they called it the heavens and the earth. But when they spoke 
of the earth o^ly, we are not to suppose that they used the 
term in an astronomical sense, but to designate that limited part 
of it which was inhabited. For this was all the idea whichthe 
mind of the Jew attached to it; since he knew nothing of the 
earth beyond those limits. Hence the six days work of creation 
may have been limited to a small part of the earth's actual sur- 
faceL 2. This view corresponds to the fact that there axup^tx 
to have been numerous ^^ntres of creation ; both of ttaimals and 
plants, instead of one spot from which all proceeded. 3. Also 
with the fact that a considerable number of species of animals 
and plants, which were created much earlier than man, as their 
remains in the tertiary strata show — ^still survive, and do not 
appear to have perished since their first creation. 4. Univer- 
sal terms are often used (in Scripture) to signify only a very 
large amount in number or quantity: as for instance, all the 
earth came to Egypt to buy from Joseph : for the famitte was 
extreme in all the earth. Hence the terms descriptive of the 
deluge may iiiot have literally embraced the whole earth ] but 
have included only the earth then inhabited. 

8. Some contend, that even if all the methods of reconciling 
the two records that have been described, should be regarded by 
any as unsatisfkctory, it would be premature, in the present 
state of geology and of sacred philology, to infer any real dis* 
9^ crepanoy between them: and especially to infer that the sacred 
historian is in error. 

Proof 1 . Because the rapid progress of geological discovery; 
and th^ not unftequeat changes of opini<»i aqiong geologists on 

* See note K. 
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in^portaUt points, show us that possibly more light may yet 
come from that quarter. 2. Because the exegesis of the nrst 
chapter of Genesis cannot by any means be regarded as settled: 
in proof of which, it is only necessary to refer to the great di- 
versity of opinion, on many parts of this chapter, yet to be 
found among very able commentators. Hence we may hope 
for new light from this quarter. 3. Other apparent discrepan- 
cies between science and revelation, even more striking than 
that above examined between geology and revelation, have dis- 
appeared when the subjects were better understood. For in- 
stance, the doctrine introduced by the astronomers 200 years 
ago, that the earth revolves on its axis, and that the heavenly 
bodies do not actually rise and set, seemed to the most acute 
and learned theologians of those times, to be ill point blank op- 
position to the Bible ; which declares, that the sun ariaeth and 
goeth down ; and that God laid the foundation of the earth that 
it should not be removed forever. They also felt the earth to be 
at rest ; and saw the heavens in motion; so that this new doc- 
trine of the Copernican system was opposed, not only to the 
Bible, but to the senses. Yet who now suspects any collision 
between ajBtronomy and revelation ? How premature then, to 
infer from a less striking apparent discrepancy between geology 
wsfA the Bible, that any real opposition exists 1 

Second Supposed Discrepancy. 

Descr. The geheral interpretation of the Bible has been, 
that until the fall of man, death did not exist in the world even 
among the inferior animals. For the Bible asserts that by man 
came death, (I Cor, 15: 21.) arid by one man sin entered into 
the world and death by sin. (Rom. 5 : 12.) But geology teaches us 
that myriads of animals lived and died before the creation of man. 

Solution of the difficulty. Admitting that geology does show 
that violent and painful death was in the world before the fall 
of inan, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. 

1. Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior animals did not result 
from the fall of man, but from the original constitution given 
them by their Creator. One large class of animals, the carni- 
vorous, have organs expressly intended fer destroying other 
classes for food. Nor will it avoid the difficulty to suppose, as 
some have done, (although obviously in the face of the plain 
meaning of the first chapter of Grenesis.) that carnivorous ani* 
mals were not created till the tinke of the deluge. For other 
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aumab miut have lived on vegetables, and in doing this, they 
must have destroyed a multitude of minute insects, of which 
several species inhabit almost every species of plant. Much 
more dimcult would it have been, to avoid destroying millions 
of animalcula, which abound in many of the fluids which 
animals drink, and even in the air which they breathe. Still 
farther, throughout the whole range of organic nature, vegetable 
as well as animal, decay and dissolution are inevitable after a 
longer or a shorter period. In this respect, the human system 
is constituted just like all other organic natures. So that death 
appears to be a universal law of organic being, as it exists on 
earth. Moreover, without miraculous interference for protec- 
tion, or an entire change of the present laws of nature, animals 
must have been exposed to occasional violent disorganization : 
as for instance, from the falling of heavy bodies upon them ; or 
from the shock of projectiles ; even though there were no ten- 
dency in their natures to dissolution. In short, death could not 
be excluded from the world, without an entire change in the 
constitution and course of nature ; and such a change we have 
no reason to suppose, from the Mosaic account, took place when 
man fell 2. But God could remove any race of animals, say 
man out of the world, and introduce them into another state, 
without violence, disease, or suffering ; and make the change, in 
fact, like many changes in life, a pleasant one ; free from those 
concomitants which now indeed constitute death. He has al- 
ready removed a £ew from the world in this manner ; as Enoch 
and Elijah, and the Bible informs us that those who remain 
alive at the second coming of Christ, will in a similar manner 
be translated and not die. (I Cor. 15 : 51, 52.) This probably 
would have been the happy lot of all mankind, if they had not 
sinned. That they could not have continued -on earth indefi- 
nitely, is certain: provided the present laws of their multiplica- 
tion were not suspended: because the world ere long would 
have been filled. 3. The threatening of death to Adam for dis- 
obedience, seems to imj^y a knowledge on his part, of what 
death was, that is, he had seen it among the inferior animals : 
for it would be a strange legislation, that imposed a penalty of 
which those under the law could form no idea. 4. The two 
most striking passages of scripture, respecting the introduction 
of death into the world, have been already quoted. In regard 
to that from Romans, 5: 12, ^y one man sin entered into the 
world, and death by sin, the conclusion of the sentence, — aTut 
so death passed upon all men, for that all have sinned, — shows 
that ite meaning must be limited to the human race. For it 
ZT^^ cot that death passed upon all animals, but upon all men; 
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ana because all had sinned, an aet of which the inferior animals, 
destitute of moral natures, are not capable. In like manner, the 
passage from 1 Cor. 15 : 21, For since by man came death^is lim- 
ited to the human race by the concluding part of the verse : by 
man came also the resurrection of the dead. For the object here 
is to draw a contrast between Adam and Christ, as to their in- 
fluence upon the human familjr. If the inferior animals are 
included, then they must not only share in the resurrection, but be 
interested in the redemption by Christ. ^. Able writers on the 
Bible have adopted these views in regard to the nature and ex- 
tent of death, long before geology was known as a science. 
To quote only Jeremy Taylor. " That death,^' says he, 
" which God threatened to Adam, and which passed upon his 
posterity, is not the going out of this world, but the manner of 
going. If he had stayed in innocence, he should have gone 
hence placidly and fairly, without vexations and afflictive cir- 
cumstsmces, he should not have died by sickness, misfortune, 
defect, or unwillingness, but when he fell he began to die, &c**' 

Holy Dyingy p. 295. Amherst Ed, ISQl. 

Rem. For, a full and able didcassion of this whole subject^ see Dr. J. P. 
Smith's Lectures on Scripture and Geology, p. 96, 294, and 361. 

General Inf. It appears from the preceding statement, first, 
that the coincidences between geology and revelation, upon 
points where we might reasonably expect collision, if both the 
records were not essentially true, are much more numerous Jthaii 
the apparent discrepancies : and, therefore, the presumption is, 
that no real disagreement exists. Secondly, it appears that 
there are several modes of reconciling the few apparent discre- 
pancies, which, on general principles, it would be fiar more rea- 
sonable to adopt, than to infer any real disagreement between 
the two records. And this is all that sound phdosophy requi^res. 



SECTION X 

THE HISTORY OF GEOLOGY. 

Prin, Geology is eminently an inductive science. Now it 
is only within the last half century, that sufficient facts had 
been collected to make any important correct inferences respect* 
ing the causes of geological change. Hence all the speculations 
of philosophers previous to that time, on this subject, must have 
been mere hypothesis; sometimes indeed displaying great inge- 
nuity, and approximating closely to the truth, but more com- 
monly, so extravagant as to be the butt of ridicule. 

Prin. Geology is likewise dependent upon an advanced 
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and accnrtte knowledge of chemistry/ botany, and zoology; 
sack a knowledge as has been attained only within the last half 
century. On this account also, all previous speculations oh 
geology must have been crude and fanciful. 

Jn^ 1. Hence the earlier hypotheses on cosmogony, which 
have been so long the subject of ridicule, ought not to be con- 
nected with the science of geology, as they have long been, to 
its reproach. 

Inf. 2. Hence the history of the earlier hypotheses, usually 
eaUed Theories of the Earth, is of little importance in its bear- 
ing upon the science of geology ; though highly amusing and 
instructive, as illustrating the struggles m the human mind after 
the truth. A brief sketch only will, therefore, be here given 
of these hypotheses. 

Ihscr. One of the most prevalent opinions among ancient 
philosphers, and which constituted a fundamental principle in 
their cosmogonies, supposes the world to have been subject to 
successive destructions and renovations by fire and water. 
The Grecian philosophers, who derived their notions from the 
Egyptian, denominated those catastrophes the CaiaclysjUy or 
deluge ; and the Ecpyrosis, or destruction by fire. The inter- 
val between these changes was variously estimated from 120.000 
to 360.000 years. ' 

Descr. Pythagoras entertained very accurate notions respect- 
ing the operation of existing causes of geological chance on the 
globe ; such as the changes of sea into dry land, and the re- 
verse ; the formation of deltas and other alluvial deposits; and 
the formation of islands by the action of oceanic currents. In 
fact, this philosopher approximated as nearly to the modem 
views of geologists on these subjects, as he did to those of mod^ 
em astronomers respecting the heavenly bodies. 

Descr. We find Strabo, the geographer, explaining the man- 
ner in which fossil marine shells were brought into their situa- 
tion upon the dry land, in a manner that would do no discredit 
to a modern geologist He supposes them deposited orieinally 
at the bottom of the ocean, whose bed was subsequently elevated 
by earthquakes and volcanic agency. 

Descr, In modern times, after the dark ages, science began 
first to be revived among the Arabians. Even as early as the 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works on mineralogy and geology, which were 
not without considerable merit. 

Descr. Among Christian nations, geological facts first began 
to excite attention in Italy, in the early part of the sixteenth 
eantury. Two questions were stated respecting organic re^ 
mains : first, whetner they ever belonged to living animals and 
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plants : secondly, if the affirmative of this question be admitted, 
whether the petrifaction and situation of these remains conld be 
explained by the deluge of Noah. 

Descr. These questions occupied the learned world for 
nearly 300 years. At the commencement of' the controversy in 
Italy, in 1517, Fracastoro maintained, in the true spirit of the 
geolo^ of the present day, that fossil shells all once belonged 
to living animals, and that the Noachian deluge was too tran- 
sient an event to Explain the phenomena of their fossilizatioii. 
But Mattioli regarded them as the result of the operation of a 
certain materia pinguisj or " fatty matter," fermented by heat. 
Fallopio, Professor of Anatomy, supposes that they acquire 
their forms iii some cases, by "the tumultuous movements or ter- 
restrial exhalations ;" and that the tusks of elephants were mere 
earthy concretions. Mercati conceived that their peculiar con- 
figuration was derived from the influence of the heavenly bodies ; 
while Olivi regarded them as mere "sports of nature. Felix 
Plater, Professor of Anatomy at Basil, in 1517, referred the 
bones of an elephant, found at Lucerne, to a giant at least 19 
feet high: and in England similar bones were regarded as 
those of the fallen angels! 

Descr. At the beginning of the 18th century, numerous 
theologians in England, Prance, Germany, and Italy, engaged 
eagerly in the controversy respecting organic remains. The 
point which they discussea with the greatest zeal, was the con- 
nection of fossils with the deluge of Noah. That these were 
all deposited by that event, was for more tTian a century the 
prevailing doctrine, which was maintained with great assurance; 
and a denial of it regarded as nearly equivalent to a denial of 
the whole Bible. 

Descr. The question, also, whether fossils ever had an 
animated existence, was discussed in England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origin 
to " a plastic virtue latent in the. earth." Scheuchzer in Italy, 
however, in ridicule of this opinion, published a work entitled, 
Qtterula Piscinm ; or the Complaints of the Fishes ; in which 
those animals are made to remonstrate with great earnestness 
that they are denied an animated existence. 

Descr. Such discussions, however, tended to lead men to 
the collection of facts; and in 1678, we find Lester publishing 
an accurate account or British shells, to which were added the 
fossil species, under the name, however, of turbinated and hi- 
voire stones. He also first propo«-ed the construction of regular 
geological maps. 

Desicr. In 1680 the distinguished mathematicio*: ^<eibnitZ| 
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published his " Protogssa;" in which he developed, a theory of 
the formation of the earth, and of subsequent changes in its 
crust, almost exactly like that which is now so widely adopted 
among geologists under the name of the ieneous theory. 

Descr, In the posthumous works of Robert Hooke, an 
English physician, published in 166S, are many views much in 
advance of nis time, respecting geological changes and phenomo- 
na : especiaUy respecting earthquakes and organic remains ; 
which lie maintains could not have been produced by the No- 
achian deluge. 

Descr, The famous naturalist, Ray, who published in 1692, 
had similar views with Uooke: but he -made improvements 
upon his predecessor; especially in describing the effects of 
aqueous agencies in modi^ing the earth's surface. 

Descr. In most of the theories of the earth, however, that 
appeared in England in the latter part of the 17th and the first 
part of the 18th century, a strong determination is manifested 
to connect geology with theology. This gave rise to what has 
been called tne Physico-Theological School of writers. In 1690, 
Burnet published a visionaify work, entitled *'The Sacred 
Theory of the Earth ; containing an account of the Original of 
the Earth, and all the general changes which it hath already 
undergone, or is to undergo, till the consummation of all things. ' 
This being written in an elegant style, attracted no little atten* 
tioh. About the same time, Woodward, a Professor in Medi- 
cine, published a theory of the earth, in which he maintained 
that " the whole terrestrial globe was taken to pieces and dis- 
solved at the flood, and that the strata settled down from this 
promiscuous mass, as any earthy sediment, from a fluid." In 
1724, his disciple, Hutchinson, came out with the first part of 
his " Moses'aPrincipia ;" in which he attacked the theory of his 
master, as well as Newton's theory of gravitation : and he and 
his numerous followers maintained, that the Scriptures, when 
rightly understood, contain a perfect system of natural philoso> 
phy. This was the dogma which chiefly distinguished the 
Hutchinsonian, or Physico-Theological School ; and its perni* 
cious influence on the cause of religion and learning has scarcely 
yet ceased. 

Descr. The Italian geologists, who were contemporaries of 
these English cosmogonists, were far more rational in their 
views. They devotea themselves with considerable success to 
an examination of geological phenomena, and rejected the 
visionary notions of the English. The writings of Valiisnexi, 
Moro, Grenerelli, Donati, Targiona, 8z;c. discover a good deal of 
industry in observation and acuteness in reasoning. 
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Descr, In 1749^ Bufibii, fKe Fiendb naturalist, produced an 
elegantly written hypotkesis upon the formation of earth, based 
cKiefly upon the views of Leibnitz already explained. Some of 
his views gave offence to the Faculty of Tneology at Paris; 
and he was compelled, like Galileo, to retract opinions, which 
at this day are maintained by geologists, with no suspicion that 
they contradict the scriptures. 

bescr. About the middle of the 18th century, some valuable 
works were produced by Lehman, a G^man mineralogist, by 
the botanist Gesner of Zurich,, and by Mitchell an Englishman, 
on earthquakes. About the same time, appeared the work of 
Catcott on the Deluge : and although of the physicotheologi- 
cal school, he gave some valuable facts relating to diluvial cur- 
rents. 

Des^r. Numerous other writers on geology, towards the 
close of the 18th century, might be named. But Pallas and 
^ausfluxe were the most distinguished. The former examined 
the mountains of Siberia, and pointed out the order in which 
the rocks there occur. The latter spent most of his time in 
studying the nature of the Alps, and provided valuable materia 
als for his successors. 

Dtscr, In Germany, France, and Hungary, schools have 
long existed for giving instruction in the art of mining. In 
1775, Werner was appointed professor in one of these institu- 
tions, at Freyburg, in Saxony : and in his lectures he attempted 
certain generalizations, in regard to the position and origin of 
rocks, that were very extensively adopted, and for a long time 
excited much controversy. He supposes that all rocks, the un- 
stratified as well as the stratified, were deposited by water ; and 
that originally every formation was universal on the globe: 
and that veins were filled by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denonUnated the Neptunian 
Theory. 

Descr. Nearly at the same time, a Scotch geologist by the 
name of Hutton, published a Theory of the Earth, opposed in 
most respects to the doctrines of Werner. He supposes that 
the rocks which form our present continents were derived from 
the ruins of former continents ; which were abraded and carried 
into the sea by the agency of running water ; just as the same 
agency is now spreading^ over the bottom of the ocean, deposits 
of mud, sand, and gravel. Afterwards the unstratified rocks, 
in a melted state were protruded through these deposits, by 
which they were consolidated, rendered more or less crystalline, 
and elevated into their present condition. Many of the fissurei 
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also, were filled witli metallic and otbier matter, injected from 
beneath. When our present continents are nearly all worn 
down, Hutton supposes this process of consolidation and eleva- 
tion may be repeated. Indeed, in these changes he sees '* no 
traces of a beginning, no prospect of an end.'' Professor Play- 
fair, however, in his illustration of this theory, endeavors to 
how that Hutton did not mean by such language that the 
world is eternal : but only that geoloey, like astronomy, does not 
disclose to us the time when this series of changes commenced. 

Descr. These rival hypotheses excited a great deal of dis- 
cussion, both on the European continent and in England, for a 
great number of years. The final result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
far as the unstratified rocks are concerned ; while that of Hut- 
ton, denominated also the Plutonian theory, has, in its essential 
principles, been adopted by most geologists of the present day. 

Descr. Durine these discussions between the Neptunists and 
the Plutonists, a humble individual in England, Mr. William 
Smith, was accomplishing more for geology than all its learned 
professors. He explored the whole of England on foot ; and in 
1790, published a "Tabular View of the British Strata," in 
which he classified the secondary rocks ; and although not ac- 
quainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist. He also ascertained that strata, somewhat remote from 
one another, could be identified by their organic remains. By- 
extraordinary perseverance, he was, able, in 1815, to publish a 
geological map of the whole of England. 

Dexcr. One important effect of excessive theorizing, was to 
produce an almost universal scepticism in unprejudiced philoso- 
phical minds in respect to all geological hypotheses ; and to 
make them feel the importance of amassing facts. Out of these 
feelinsrs grew the London Geological Society, which was founded 
in 1 807 ; and which has contributed more than any other public 
institution, to advance the science. This Society selected a 
sentence for their motto, from the Novum Organum of Lord 
Bacon, which invites " those to join them as the true sons of 
science, who have a desire, and a determination, not so much to 
adhere to things already discovered, and to use them, as to 
push forward to farther discoveries ; and to conquer nature, not 
Dy disputing an adversary, but by labor; and who, finally, do 
not indulge in beautiful and probable speculation, but endeavor 
to attain certainty in their knowledge." 

Descr. The example thus set in England, has been followed 
in nearly every part of the civib'^ed world ; and geological so- 
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dirties, botli local and national, have been formed in to great 
numbers, that even their names cannot here be given. The 
London Geological Society has already produced eight quarto 
volumes of transactions. Many of the ablest philosophers of 
the age have devoted themselves to geoloncal researches : and 
have applied the principles of induction with great success ; so 
that probably no other science has made so rapid advances 
within the last half century, as geology. Very numerous geo- 
logical collections have been formed in almost every part ofthe 
civilized world : accurate ecological maps have been constructed, 
of nearly all Europe : and much interest is felt in the subject 
among all classes of the community. 

Descr. The rapid progress of the collateral branches of 
science, and £heir successfiil application to palaeontology, are to 
be regarded as among the most important means by which ge* 
ology has been thus rapidly advanced. The most important 
appication of this sort, was that of comparative anatomy, to de^ 
termine the character of organic remains, by the Baron Cuvier 
in his great work entitled, Ossemeus FossiUs, ^c, in seven 
quarto volumes ; first published in 1812. Numerous success- 
ful applications have also been made of the discoveries in the 
various departments of zoology and botany, to the same olgect : 
the result of which has been, the glreat works of Goldfuss, 
Sowerby, Bronn, &e. on petrified moBuscs, zoophytes, &c. that 
of Agassiz on fossil fishes ; and those of Adoiphe Broneniart 
and of Lindley and Hutton, on fossil plants. The spkndid 
work of Cuvier and Alexander Brongniart ^^ on the mineral 
geography and organic remains of the neighborhood of Paris,'' 
published in 1811, constituted an era in geology; because it di- 
rected the attention of geologists to the tertiary strata, from 
which they have since gathered so rich a harvest 

Descr. The present state of facts and theories in geology 
may be learnt from the precedine^ P&g^s- Very many of tne 
jmncipks, which are now regarded as helonging to the science, 
may be considered as settled, as much as they are in most phy- 
sical sciences : though some of them may doubtless experience 
slight modifications. A few points of importance yet remain 
in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, than concerning diluvial action. In- 
deed, the whole history of opinions on this subject is very in- 
structive. When the subject was first discussed, as much as 
800 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a dehige any part of the earth's surface, 
exhibited, or even of the former presence of the ocean on the 
land, aJl must be referred to the deluge of Noah. Nay it was 
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soon maintained that tKe whole solid frame work of the globe 
was dissolved and re-deposited by the diluTial waters. One af- 
ter another have these extravagancies of hypothesis been given 
up, and nearly all geologists have come to the conclusion, 
though without denying tne occurrence of the Noachian del- 
uge, that no certain marks of that event are now to be discov- 
ered on the globe. Nay, the question now is, whether there is 
any evidence of the occurrence of a general flood at any epoch. 
Not a few believe that no such evidence exists ; while those 
who admit of a general deluge, for the most part, regard it as 
having taken place anterior to man's existence on the globe* 
The recent glacial theory, explained in a preceding section, 
makes it very probable, that what has so long been regarded as 
proofs of recent dehiges, has been the result chiefly of ice, with 
no other deluge but what resulted from the melting of the ice* 
After centuries of discussion, it is also beginning to be found 
out, that the facts are yet very imperfectly known ; and to an 
examination of these, geologists are now devoting great attention. 
Descr, In American mineralogy and geology, almost lite- 
rally nothing had been done at the commencement of the nine- 
teenth century. A few individuals indeed, among whom may 
be mentioned Dr. Seybert, of Philadelphia, £)r. S. L. Mitchell 
of New York, and Dr. B. Waterhouse of Harvard University, 
had commenced rather earlier than this, to make collections, 
and to call the public mind to th^se subjects. But the return 
of Mr. B. D. Perkins, and of Dr. A. Bruce from Europe, in 1802, 
and 1803, with beautiful collections, and of Col. Gibbs in 1805, 
with his splendid cabinet, began to awaken more interest ; so 
that ere long courses of lectures upon them were introduced into 
several of our colleges. In 1807, William Maclure returned 
from Europe, and commenced, single handed, the Herculean task 
of exploring the geology of the United States-; and after several 
years of labor, during which he crossed the Allegany range of 
mountains at different places not less than fifty times, he ac 
tually produced a geological map of this whole country ; which, 
though it gives only the Wernerian classes of rocks, forms a 
most valuable outline, and is a monument of great industry and 
perseverance. In 1*8 10, Dr. Bruce commenced his Mineralogical 
Journal, the first scientific journal ever undertaken in this coun- 
try. But though ably commenced, it reached only the fourth 
number, in consequence of the sickness and death of its editor. 
In 1818, Professor Siniman,^vrho had long been among the most 
distinguished and successful pioneers and teachers of these 
sciences, commenced the American Journal of Science ; a work 
which has been continued, often at great personal and pecuniary 
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sacrifices on the part of its editor, till it has now completed its 
4 1 St. volume : and which has been a most efficient means of pro- 
moting, not only mineralogy and geology, but all the physical 
scieaces in the United States. In this connection, the valuable 
Elementary Treatise on Mineralogy and Geology by Professor 
Cleveland, another of the early and distinguished cultivators of 
those sciences in this country, ought to be mentioned. It was 
published in 1816; and for a long time continued to be almost 
the only American work on these subjects of any importance.* 
Since it was out of print the able works of Professor Shepard 
and Mr. Dana on Mineralogy have taken its place. 

Descr, In 1818, the American Geological Society was or- 
ganized. But it has never accomplished much for the science; 
not having published any separate volume of transactions. The 
Academy of Natural Sciences at-Phil^idelphia, the Lyceum of 
Natural History at New York, and the American Academy of 
Arts and Sciences at Boston, have from time to time given va- 
luable papers in their transactions on mineralogy and geology ; 
while several societies of more recent organization, but limited 
to particular districts of country, have been still more devoted 
to these subjects. The want of a general organization for the 
whole country, has long been felt to be a most powerful obstacle 
to the progress of Geology: and in April, 1840, those gentle- 
men who are engaged in the state surveys, met in Philadelphia, 
and formed themselves into the Association of American Geolo^ 
gists. Their second annual meeting was held in the same city 
on the first Monday of April, 1841, and it now numbers 79 
members. Its next meeting was held in Boston on the last 
Monday of April, 1 842. 

Descr. An important feature in the history of American 
geology, is the numerous geological surveys that have been 
executed, or are still in progress, under the patronage anddirec 
tion of the state authorities, as well as the United States Govern- 
ment. The leading object of these surveys, is to develope those 
mineral resources of the country, that are of economical value. 
But with a commendable liberality, the Legislatures have en- 
couraged accurate researches into the scientific geology, and 
sometimes also into the botany and zoology of the several states. 
So numerous have these surveys become, that I may not be 
able to give in all eases their entire history up to the present 
time ; but since they constitute an important era in our geology, 
I shall give all the useful facts within my reach. 

Deacr. The first survey, authorized by the government of a 
state, was that of North Carolina ; which was committed to 
Professor Olmsted, _wb« !!i?!de a T5lu»bler report in two parts, the 
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first ia 1824) and the second in 1825 ; in which the economieal 
^y of a coAsidexable part of the state was given in a pamph- 




let of L4i pares. 

Descr, The year following, South Carolina gave a similar 
commission to. Professor Vanuxem, whose report was published 
oi^y in the newspapers. 

Descr. The survey of Massachusetts was proposed by Gov. 
Lincoln in 1830, and commenced the same year by the author of 
thia work. The first Report on the Economical Geology of the 
State was made in 1832, in a pamphlet of 70 pages. In 1833 
a full report on the whole subject was made, in a volume of 702 
pages, with an atlas of plates and a ^olo^ical map : of which a 
second edition was directed to be printed m 1834. In 1837, on 
recommendation of Governor Everett, a farther examination of 
some parts of the geology of the state was ordered : and in 
1838 a report of this re-examination, embracing only the eco- 
nomical geology, was made in a pamphlet of 139 pages. The 
final report is just published in two quarto volumes of 300 and 
844 pages, with 56 plates and 282 wood cuts. The report of 
1 833, embraced also the zoology, and botany of the state ; and 
when the re-examination was ordered, these departments were 
committed to Professors Dewey and Emmons: Rev. W. O. B. 
Peabody, Drs. Harris, Gould, and Storer ; and George B. Emer^ 
son, Esq., most of whom have already made extended reports. 

Descr. Tennessee was only two or three years later than 
Massachusetts in commencing a geological survey, under the 
superintendence of Professor Troost. In 1839 he had made 
five annual reports, the three last of which were pamphlets of 
32, 37, and 75, pages ; with a geological map of the whole state 
in that of 1839. 

Descr. In 1834, Professor Ducatel was directed to make a 
Reconndissance of the state of Maryland ; and his report the 
next year was a pamphlet of 38 pages. This survey embraces 
the topography; of which Professor Alexander has charge. 
Seven annual reports in addition to the reconnoissance have 
been made by Prof Ducatel, of about 50 pages each, with maps 
and sections. 

Descr. G. W. Featherstonehaugh in .1834, received a com- 
mission from the government of the United States, to examine 
geologically " the territory of Arkansas and the adjacent public 
lands." His first report of 97 pages, with an extensive geologi- 
cal section, embracing 1600 miles, appeared in 1835, and his 
second of 161 pages, with four sections, in 1836. 

Descr. The suxvey of New Jersey was ordered in 1835, and 
a report made by Professor Henry D. Rogers in 1836, in a 
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panrpihlet of 188 pages, with exteiusiye sectio&s; tbe BtUYcy 
having been ordered the preceding year. His final report of 
361 pages was published in 1840, accompanied hf a geological 
map of the state. 

Descr. The survey of New York was commenced in 1836. 
It embraced zoology and botany as well as geology ; and w«9 
put into the hands of four principal geologists, viz. Profs. Ma* 
ther, Vanux^iEi, and Emmons, with Mr. Cootad, who were to 
employ each an assistant ; one botanist, viz. Prof. Torrey ; one 
zoologist, viz. Dr. J. E. I^ Kay ; and one chemist, viz. Profes- 
sor L. C. Beck. Subsequ^tly Mr. Conrad was appointed p»* 
laeontologist to the survey; and Mr. L. Hall took his place. as 
geologist. These gentlemen made their first report in 1837, in 
a pamphlet of 212 pages, their second report in 1838, of 384 
pages; their third report in 1839, of 351 pages; their fourth 
report in 1840, of 484 pages ; and their fifth report in 1841 of 
184 pages. The survey is now completed. 

Descr, The first report, which was a reeonnoissanee of the 
geology of Virginia, was made by Prof. Wm. B, Rogers in 1835, 
of 36 quarto pages: hiis second report, in 1836, of 30 pages; 
his third in 1837, of 54 pages ; his fourth in 1838, of 82 quarto 
pages ; and his fifth in 1839, of 161 pages, and the sixth of 132 
pages. Rrof Rogers is aided in this work by five assistants : 
" two of wh(»Q are occupied in the chemical labortitory. 

Descr, A survey was directed of the state of Maine in 1836, 
under the-esre of Dr. Charles T. Jackson. He made his first 
report in 1837, of 128 pages: his secosMl in 1838, of 168 pages; 
and his third in 1839, of 340 pa^es. The work is now sus- 
pended, at least for a season : though it is hoped that it will not 
oe finally abandoned. Dr. Jackson had also a commission from 
Massachusetts and Maine, to examine the unsettled lands owned 
by them jointly, and he has made two reports on this subject in 
1837 and 1838. 

Descr. The survey of Connecticut was eommenoed in 1835 ; 
and committed to Dr. J. G. Percival for the geology, and to 
Prof C. U. Shepard £ot the mineralogy. The latter gentleman 
made a report, in 1837, of 188 pages. Dr. Percivid has not 
yet made his report, but it is expected speedily. 

Descr. The survey of Pennsylvania was b^un in 1836, by 
Prof. Henry D Rogers ; who the same year made a report of 
22 pages : and in 1837, another of 93 pages : also one in 1838, 
of 1 19 pages, another in 1839, of ^52 pages, and a fifth in 1840, 
of 179 pages. Prof. Rogers has five assistants, one of whom is 
devoted to the laboratory, and four sub assistants. 

Deser. The first Geological Report on the state of Ohio, was 

25 
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sabmitted to the govermnent in 1839 of 134 pages. This murey 
is under the dkection of Prof. W. W. Mather, as principal 
geologist, aided hj Dr. S. P. Hildreth, J. P. Kirtland, and 
Locke, and Professor Briggs, J. W. Foster, Esq. and Col. J. W. 
Whittlesey. The latter gentleman has- charge of the topograph- 
ical department, and Drs. Kirtland and Locke of the zoology and 
botany. Their second report in 1838 contains 286 pages with 
numerons drawings. This sarvey is for the present suspended. 

Descr. In Delaware, the work was commenced in 1837, by 
James C. Booth, Esq., who has made two annual reports, in 1833 
and 1839; in a pampUet of 26 pages,' and his final report of 18S 
paces is just publisned. 

Descr. In Michigan, the survey was committed to Douglass 
Houghton Esq., with two sub assistants in geology, one assistant 
in zoology, one botanist and zoc^ogist,. and one topographer and 
draughtsman. In 1838, the first report appeared of 37 pae;es : 
in 1839, the second report of 123 pages ; in 1840, the thira re- 
port of 124 pages, and in 1841, the fourth of 184 pages. 

Descr, The survey of Indiana was commenced in 1837, by 
Dr. D. D. Owen ; who in 1838, produced his first report of 34 
pages ; and in 1839, his second report, of 54 pages. 

Descr. In 1B39, the legislature of Rhode Island commissioned 
Dr. Charles T. Jackson to make a geolo^cal and agricultural 
survey of that state, and his report of 322 pages wi^h a geologi- 
cal map has been published. 

In 1 840, the sune eentleman was appointed to survey New 
Hampshire ; and his first annual report of 164 pages has been 
published in 1841. 

Descr. In Georgia, Mr. John R. Cotting was commissioned 
in 1836 ; and he informs me that half the state has been sur- 
veyed ; that three section lines, from 300 to 430 miles long,, have 
been explored ; and that it is intended to puUish a volume of 
600 pages, shortly. 

Descr, In 1838, the legislature of Kentucky directed a 
Geol(^ical Reeonnoissance of the State to be made, preparatory 
to a more accurate survey. This was executed by Pror W. W 
Mather, who reported at the dose of the year in a pamphlet of 
40 nages. But 1 believe the work has not yet been prosecuted 
farther : although the developments made in Prof. Mather's re- 
port, of the mineral resources of the state, are such that there 
can hardly be a dou*bt but the survey will be continued, by a 
people as intelligent as those of Kentucky. 

Descr. Professor W. M. Carpenter is now engaged (1842) 
by direction of the Legislature, in making an examination pre- 
liminary to a general geological survey of the State of Louisiana. 
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In 18S9, Dr. D. D. Owen was commissioned by the govern* 
ment of the United States, to examine the territory of Iowa: or 
at least, its most promising mineral districts. The work was 
prosecnted by Mr. Owen with as many as 120 assistants ; and 
a report of 161 pages was published in 1840. 

Remits. Thus it appears, that within the last 16 or 17 years, 
suTvevs have been commenced in 20 states and two territories 
of tills Union; embracing an area of nearly 700.000 square 
miles. For the last four or five years, not less ihan 65 geplo- 
eists and assistant geologists have been constantly employed in 
this work. Geological maps of Massachusetts, Khode Island, 
New Jersey J and Tennessee, have already been published ; and 
they are nearly prepared in many other states, so that we may 
expect ere long a complete geological map of the United States. 
The collections of specimens that have been made and will be 
deposited in the capitals of the different states and of the United 
States will be of great extent and value, and the vast number of 
chemical |inalyses that have been made of different substances 
will prove of the utmost value. See my Anniversary Address 
before the Association of American Geologists in Philadelphia, 
in April, 1841, where the facts are given in greater detail. 

Descr. It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were undertaken, 
the late Hon. Stephen Van Rensselaer, with great liberality and 
^ munificence, directed a geological survey to be made of the re- 
' gion bordering upon the Erie Canal ; and that Mr. Amos Eaton, 
who was emjSoyed, made a report of 163 pages in 1824; with 
an extended section from the Atlantic to Laike Erie. 

Descr. Within a few years past, the British {^ovinces of 
Nova Scotia and New Brunswick have been geologically ex- 
amined by Dr. Gessner, who has published reports of his labours. 

Descr. As^ early as 1822, a geological survey of France was 
commenced by order of the Government, under the direction of 
M. M. Brochant de Villiers, De Beaumont, and Dufrenoy. 
This work has been prosecuted with great ability for 20 years, 
and recently a large geological map of the whole kingdom has 
appeared. WhewelPs History of the Inductive Sciences, Vol. 3. 
p, 534. London, 1837. 

Descr. In his Anniversary Address before the London Ge- 
ological Society in February, 1836, Phil. Mag. Vol. 8. Sd. Se- 
ries, p. 568. Mr. Xyell says, " early in the Spring of last year, 
an application was made by the Master General and Board of 
Ordnance, to Dr. Buckland and Mr. Sedgwick, as Professors of 
Geology in the Universities of Oxford and Cambridge ; and to 
myself, as President of the Geological Society,- to offer our 



804 OBOORAFHICAZ. aSOUMIT. 

opinJon as to the expedieney of combining a geological exami- 
nation oi the English counties with the geographical aanreya 
now in progress." The plan was adopted ; and H. L. De la 
Beche commissioned to make die Survey. In 1839 he made a 
report on the Geology of Cornwall, Devon, and West StMnerset, 
in a volume of 684 pages, with 12 Platen 

Inf, Those whose recollection enables them to compare the 
atate of geoloeical science 30 years ago with its present condi- 
tion, and the &nost universal interest now taken in it, with the 
almost entire absence of all interest or knowledge on the subject 
then, will hardly venture to predict what will be its condition 
80 years hence. 



SECTION XL 

OSOORAPHrCAL OEOIOOY. 

Def, By Geographical Geology I mean a description of the 
geology of different countries of the globe. Like simple geogra- 
phy, this must be very imperfect in regard to many countiiea 
Indeed, the geology of some extensive reeions must be con- 
sidered as too little known to admit of description. 



EVROFE. 



England. 

Rem. The rocks of no country on the globe have been studied 
«o carefully and successfully as those of England. Indeed,^ the 
descriptions of rocks in general, given in this treatise, is based 
upon those of Great Britain : and, therefore, little more will 
here be needed than to describe briefly their distribution in that 
country. 

Deitcr. The primury rocks are confined chiefly to the west 
or mountainous part of England, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast. The unstratified rocks are mostly confined to the west- 
ern districts, as are the Cambrian and the Silurian Groups. 
The estuary of the Thames contains the principal deposit of the 
tertiary strata. 

Descr. Probably coal is the most important mineral found 
in England ; and that country is remarkably well supplied with 
it. Conybeare -and Phillips describes five great coal districts : 
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1. Thai north of the Trent : 2. Central coal district : 3. West- 
em coal district : 4. Middle western, or Shropshire : 5. South 
western. £ome statements, however, have already h^en made 
in respect to the coal deposits of England, on page 62. The 
annual amount of coal dug and consumed in England and Ire- 
land is about 15.500.000 tons. 

Descr. Extensive deposits of iron often accompany, the coal 
of England ; as well as the limestone necessary for smeltiDg 
the ore ; and the firestones for the furnaces ; while the coal sup- 
plies the fuel. In 1839, the amount of iron manufactured from 
ore in England, was 1.312.000 tons. Mining Review^ Dec. 
1839, p. 182. 

Descr. England contains several mining districts where 
other metc^ls are found ; the chief of which are, copper, tin, 
lead, and antimony. In Cornwall and Devon, the mines of 
these metals are in primary or transition rocks. Rich lead 
mines with copper and zinc, are also found in the mountain 
limestone of England and Wales. The amount of oxide of 
tin raised in 1839, was 4868 tons. Mining Revieto for Feby. 
1840,^. 14. The amount of lead in 1835, was 46.112 tons, 
and the amount of copper in 1837 was 11.209 tons.* 

Descr. In the new red sandstone at Northwich, i^ a valuable 
deposit of rock salt, the two beds being 60 feet in thickness and 
a mile and a half long. The salt springs at Droitwich produce 
700 000 bushels of salt yearly, and the whole amount in all En|;- 
land, is 15.000.000 bushels. In the London clay, the sentaria 
produces the valuable Roman Cement ; which is carried all over 
the world. Many other valuable minerals exist in the rocks of 
England, which cannot be here specified. 

Scotland. 

Descr. Scotland is much more mountainous than England, 
and is composed generally of primary and older secondary rocks. 
All the varieties of the former occur here, and are fully devel- 
oped. They consist of granite, syenite, porphyry, trap, and 
serpentine ; which are unstratified, and of gneiss, mica slate, 
quartz rock, and clay slate, which are stratified. The secondary 
rocks are gray wacke, old and new red sandstone, mountain lime- 
stone, coal formation, lias and oolite, which are covered with 
diluvium and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, 

was 200.000 tons. Copper, lead and silver, are also obtained 

there. The annual value of lead is about 603.000, and of the 

silyer, $44,400. Several important coal fields exists^ which fur- 
20* 'see note U 
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nisli a large supply. The Mid Lothian coal fields produce a&> 
nuallj 390.00 tons ; and they are calculated to contain 2250 
millions of tons: which would supply the whcde of Great 
Britain, which annually consumes 30 millions of tons, for 75 
years Mining Review, Oct. 1839, p. 149. The Brora coal is 
said to he in oolite : but its ouality is poor. 

DescTi The Western Islands of Scotland are remarkable 
for unstf atified rocks, which produce much wild and interesting 
scenery. See MaccullocKt Western Islands, in three Volumes, 
London, 1810. . 

Ireland. 

Descr. All the primary and older secondary rocks, both 
stratified and unstratified, occur in Ireland on aQ extensive 
scale. Chalk also is found beneath the trap. Perhaps the 
most striking feature of Irish geology is the vast deposit of trap 
in the northern part of the island. It occupies an area of 800 
square miles, and is 545 feet in average thickness. Where it 
extends to the coast, it exhibits the famous columns, which con- 
stitute the Giant^s Causeway and Fingal's Cave : the latter be- 
ing upon the island of Staffa. The chalk on which this trap 
rests, is often changed into granular limestone. Beneath the 
chalk lie green sand, lias, ana variegated marls. 

Descr. Ireland contains several coal fields. Nearly all that 
in the province of Munster is anthracite ; which is used to 
some extent for burning lime. The other basins produce bitu- 
minous coal. The peat bogs in that country occupy, it is said, 
mote than one tenth of the island, and are from 15 to 25 feet 
thick# Iron is also wrought to some extent ; as are copper and 
lead. The single mine of Allihies produces more than 2000 
tons of copper annually ; and those of Coonbane and Tigrony, 
in 1811, produced 1046 tons. Native gold also occurs in con- 
siderable quantity. 

Denmark, 

Descr, This low and flat country is composed almost an- 
tirely of the deposits of weald, clay, and chalk, covered by ter- 
tiary and drift ; and these in their turn often by diluvium. 

Descr, Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two eras : the first that of dolerite or green- 
stone ; and the second, that of modern volcanos. Some of the 
most terrible eruptions of modern times have occurred in Ice- 
land. The amygdaloidal rocks of these islands are celebrated 
fbr the splendid zeolites^ which iJiey afford 
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Swiderij Norway^ and Lapland. 

Deser. . These extensive countries form the anciant Scandi- 
navia. It is rough and mountainous, and the rocks are mostly 
primary, with the older secondary ; though chalk is said to occur; 
and in Sweden some recent tertiary strata. The mountains are 
mostly gneiss with mica and talcose slates, and in Norway are 
extensive deposits of porphyry and syenite. But the diluvium 
or howlder formation that is spread over this country, is per- 
haps the most remarkable in the whole series. This, however, 
has been already described in a preceding section. I would 
only remark here, that diluvial phenomena in Scandinavia ap- 
pear to resemble those in New England more nearly than in any 
European country. And there is a good deal of resemblance 
in the rocks and minerals ; especially between those of Norway 
and New England. 

Descr. The mines of Sweden have long been well known. 
Those of gold and silver yield much less now than formerly. 
Those of Kongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific: that of 
Fahlun alone yielding annually 510 tons. Cobalt is also 
wrought in several places. " From the sulphujets of iron and 
copper, sulphate of iron or copperas is manufactured in large 
quantity. In Sweden and Norway, 120.000 tons of iron were 
manufactured in 1839. The immense keds of iron are usually 
connected with the gneiss. Extensive quarries of granite, 
marble, and porphyry, the latter the finest in Europe, are also 
worked. 

Holland and Belgium, 

Descr. These countries are proverbial for the flatness of 
their almost entire surface; although some parts are hilly. 
But much of the land lies even below the level of the sea, and 
is defended by dykes. As might be expected, no primary 
rocks occur : nor any unstratified rpcks. Clay slate is the old- 
est; and most of these secondary strata are superimposed upon 
this, with one or two tertiary i^asins, and a coat of dfluvium. 

Descr. Both anthracite and bituminous coal are found 
in Belgium; the latter in great abundance. In 1887 her 250 
coal mines yielded 1.600.000 tons: and the iron mines in 1839, 
80.060. Mining Review for July, 1838, p, 109 ; and for 
January, 1840, p. 6. 

France. 
Dtucr, Thiitf extensive country, embracing an axea of man 
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tlian 200.000 aqnwre miks, is generaDy level : though in iU cen- 
tral parts mountains rise 5000 or 6000 feet ; and the hiehest 
mountains of Europe, the Alps, are on its borders. * Nearly aH 
the stratified and unstratified rocks, from the oldest to the most 
recent, are found here. The carboniferous strata are far less 
extensive than in England : but the new red sandstone, and the 
jura or oolitic limestones form extensive tracts. Chalk also 
occurs in vast abundance : and there are not less than six exten- 
sive basins of tertiary deposits. Diluvium is abundant, and 
interesting by the remains of extinct animals, especially the 
pachydermata. But perhaps the most remarkable of the torma- 
tions is the district of extinct volcanos in Auvergne ; whiclfhas 
long been classic ground for the geologist. The rocks are 
trachyte, basalt, ana tufa. 

Descr. In 1837, the one hundred and ninety eieht coal 
mines of France produced 1.150.000 tons of coal; and her iron 
mines, 600.000 tons of iron in 1839. Mining Review, July^ 
1838, and January ^ 1840. Her lead mines yield annually about 
1525 tons, and her silver mines about 2800 pounds troy. Be- 
sides these, there are mines of copper, antimony, manganese, 
alum, and vitriol. Cobalt, arsenic, nickel, and tin, also occur in 
small quantity. Cluarries of marble, slate, gypsum, flint, and 
buhrstone, are 'likewise extensively wrought. 

Spain. 

Descr, The surface of Spain is strikingly irregular : some 
of the mountains, as the Pyrenees, rising more than 1 1.000 feet 
above the ocean. The central axis of these mountains is usually 

grimary, or older secondary rocks ; both stratified and unstrati- 
ed. The middle secondary strata, however, sometimes rise to 
a great elevation, as in the Pyrenees. The more recent secon- 
dary, even to the chalk, as well as tertiary deposits, occur. 
Around Olot, in Catalonia, is a region of extinct volcanos, oc- 
cupying 20 square leagues, according to Maclure, who first 
pointed it out. LyelPs Elem. GeoL Vol. 2. p. 265. 

Descr. Lead occurs in great quantity in Spain ; one district 
yielded in 1828 no less than 30.000 tons. This deposit is in 
transition limestone. There are also rich quicksilver mines in 
clay slate. An extensive deposit of rock salt exists at Cardona, 
in the cretaceous rocks. Tne iron smelted in 1 839, was only 
18 000 tons, although the ores are said to be very abundant. 
Extensive deposits of coal are found in the province of Astu- 
rias. The sands of the river in this country have long been 
known as yidding goldi 
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. ^ Portugal 

Deser. Tlie gec^ogical structme of Portugal is flimilar to 
thut of Spain: the older stratified and unatratined rocks consti- 
tuting the mountains. Gold occurs in the sands of a few of tbe 
riverSj and is still sought, but with small sueeees. There are 
also mines of coal, of graphite, of iron, and of quicksilver; 
and formerly tin was explored. 

Descr. Italy contains the loftiest mountaibs in Eum^, wisL 
a part of the Alps, including Mount Blane, 8t. Bernard, and the 
Apennine chain. Between these mountains are most beautiful 
plaixis. The Apennines are made up in a good jneasure of 
limestone, belonging to the newest of the i^rimary, or the oldest 
of the seccmdary rockjs : though in some pft?ts ftte slate, eupho- 
tide, and gabbro. The sub-Apennine hiUs, 4t the base of the 
Apennines, are composed of tertiary strata; often contajning 
species of shells sueh as now exist in the Mediterranean. 
And there is evidence that the Apenniae chain has be^i elevated 
.3Q0O or 4000 feet since the deposition of these tertiary strata. 
In Calabria, granite, gneiss, and mica dbte exist Primary rocks 
occur also in the Alps and on the island of Sicily : though most 
of the rocks on this island are secondary and tertiary. Most 
of the English newer seo^Adai'y rocks occut here. In this 
i|^and, also, is volcanic Etna, nearly 10.000 feet high. On the 
main land, Vesavitts is the only acting yolcano, nearly 4000 feet 
in height : though near Naples is a solfatara, which continually 
gives off gases and va^or. Broeehi estiflaates the number of 
craters of extiact volcaaos in the vicinity of jNapks, at 27. 
The Lipari Islands, as also Procida and lechia, are aU of vol- 
eanio origin ; and amoiig the former is tibe perpetually active 
volcano, Strooiboli. In Gorsioa and Sardinia, the prevailing 
rocks are jprimary and <the older secondary^ Jura limestone, 
however, is ibuna there : and in Sardinia, are tertiary strata 
covered by diluvium witn volcanic rocks. Malta and Goro a«e 
chiefly composed of soft limestone. AJone the shores of the 
Mediterranean ase deposits of alluvium: and In the fissures and 
caverns of the rocks, 2e a calcareous deposit, called bone breccia, 
made up of the fri^gmeskts of the bones of eattinot animals, ce- 
mented by carbonate of lime. 

Descr. Italy has lon^ been celebrated for its marbles, sudi 
as the Carara, the Pentehc, Lumachella, &c. Coal occurs there, 
but is not abundant. In the province of Cosesza, are extensive 
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beds of rock salt Silver, lead,' copper, and iron, Imre beea 
wrought : the latter especially. In 1839, Italy, with the islands 
of Elba and Sardinia, produced 50.000 tons of iron. The iron 
mines of Elba have been wrought from the eariiest times. 
Sicily has long supplied nearly m Europe with sulphur, dug 
from the tertiary clays. 

Svntzerl&nd, 

Descr. The geology of this country of mountains has been 
exjdored by many of the ablest geologists of Europe, commen- 
cing with Saussure. And although its structure is complicated, 
it has aff:>rded many fine illustrations of geological principles. 
The central parts of the Alps are primary : or gneiss, mica slate, 
talcose slate, hornblende slate, and limestone. In the gneiss, 
talc often replaces the mica ; and the rock is then called proto- 
gine : of which Mount Blanc is formed. On the flanks of the 
mountains are deposits of new red sandstone, lias, oolite, green 
sand, chalk, and tertiary strata ; over which are accumulations 
of diluvium. The tertiary rocks are from 2000 to 4000 feet 
above the ocean, and mark the height to which these mountains 
have been raised since those strata were deposited. All the 
older unstratified rocks, as granite, syenite, porphyry, and green- 
stone, are found in the Alps. 

Germany. 

Descr. The south western, and eastern borders of Germany, 
consist of lofty mountains of primitive rocks : which occur 
also in several placecf more central, as in the Hartz mountains. 
Secondary rocks occur in many places ; though relatively less 
abundant than in Great Britain, i et nearly^ aB the ibssili&rous 
rocks of Great Britain are found in Grermany, and in the same 
relative position. A part of the extensive plains of northern 
Germany is composed of tertiary rocks, covered with diluvial 
detritus from Scandinavia. As many as four other tertiary 
basins occur in Germany. Indeed, nearly every stratified rock 
that has been found in any part of the world, exists in Germany. 

Descr, Several coal deposits are found in this country, which 
annually produce about 1.000.000 tons of coaL Salt and gyp- 
sum, are also found in the new red sandstone, and of the former, 
the annual produce is 157.500 tons. The amount of iron manu- 
factured in 1839, in Germany, was about 300.000 tons: of 
which Austria produced 100.000; Prussia the same and the 
Hartz mountains, 70.000. The annual produce of the gold 
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mines of Q«rmany, is 182 marks: of silver, 123.000 marks: of 
copper, 1950 tons : of lead, 9560 tons : of tin, 400 tons : of mer- 
cury and cinnabar, 799 tons : of cobalt, 825 tons : of calamine, 
4140 tons : of arsenic, 530 tons : of bismuth, 75 tons : of anti- 
mony. 120 tons: of manganese, 90 tons. Indeed, this country 
is the most remarkable one in Europe for mining operations, 
and for the scientific skill with which they are conducted. 

Hungary with Transyhania^ Sclavonta^ Croatia^ arid the Bannat. 

Descr. This extensive region has the Carpathian mountains 
on its north and eastern border, and the Julian Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rocks occur in several places ; but they are not relatively very 
abundant. Nearly all the secondary and tertiary stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and alluvium. The common unstratified rocks are also found 
here ; and in addition we have trachyte in abundance, with 
trachytic porphyries, tufas, and conglomerates ; which are of 
more recent data than the tertiary strata: and one solfatara at 
least exists in the trachytic regions of Transylvania. 

Descr, Hungary produces more gold and silver than any 
country in Europe. Hassel states the annual amount of the 
former to be 1050 pounds; and of the latter 41.600 pounds. 
But this is greater tnan the quantity now obtained. The iron 
annually smelted is about 10.000 tons: of copper, 19.000 tons: 
of lead, 1225 tons' : and large quantities of coal and salt are 
obtained. 

Poland and Russia in Europe. 

Descr » Poland and Russia are for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
chiefly primary and older secondary ; as are also Finland and 
Russian Lapland. But the tertiary and alluvial strata predo- 
minate in most parts of the country. Nearly all the stratified 
secondary rocks occur ; such as old and new red sandstone with 
the coal formation intervening ; lias and other limestones, and 
green sand and chalk. The tertiary strata correspond rather 
to those in Hungary and France, than to those of England and 
Italy. Over the tertiary is a deposit of clay, sand, and bowlders, 
from 30 to 100 feet thick, which has been brought from the 
northeast ; and this deposit contains> the bones of many extinct 
terrestrial animals. Unstratified rocks, are uncommon: but 
trachyte occurs in the Caucasian chain. 
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Descr, In Poland occurs in tke tertiary strsf A, tb^ xnost «s- 
tensiye deposit of salt ia Europe. Several other deposits of 
this mineral are found in the new red sandstone with gypsum, 
in Russia. Seme coal mines have been opened : but they are 
not extensiv^y wrought. The iron mines of Russia and Poland 
yielded in 1839, about 158.000 tons. Copper is obtained alsOy 
on the westeai side of tke Uralian mountains. 

Greece and Turkey in Europe. 

Descr, The geology of these countries is very similar to 
that of Hungary, but it has not been minutely described. 

ASIA. 

Thirkey in Asia and Arabia, 

Descr. AtUiough many insulated facts ure known respecting 
the rocks of these extensive and mountainous regions, yet no 
connected view of their geology can be made out. It is certain, 
however, that rocks of every age, stratified and unstratified, are 
found there. A few statements of interest can be made respect- 
ing the geology of Syria, Palestine, and Arabia. 

Descr. In Syria and Palestine, limestone, probably of the 
newer secondary class, is tke most abundant rock. It forms the 
greater part of the mountains of Lebanon, Anti Lebanon, Car- 
mel, the mountains of Galilee, and the ridges stretching south 
from the Dead Sea. Much of it is yellowish white and compact^ 
not a little resembling the stone used in lithography. At least 
this is the character of the limestone on whicn Jerusalem is 
built; and of which the ancient temple of Solomon and the 
houses of the city were constructed ; and it was the material 
from which the tesselated pavement of the streets was formed.* 

Descr. Mount Lebanon has been recently descjribed by M. 

Botta, as consisting of three groups of calcareous rocks. The 

upper group consists of limestone of variable hardness, altemat* 

ing with marls : the middle group embraces siliceous beds and 

nodules, with fossil echini and iishes ; and the lowest group is 

mostly sandstone, with beds of silico-calcareous matter, iron ore 

and lignite. The whole formation he refers to the chalk. 

Traite Elementaire de Geologic^ Par M. Rozet, p. 524. 

' ■ '■ ■' " I- • I 1. 1 I .1.111 > 

* A recent analysis of Hie limestone gave me in 100 parts, — 

Eaithy Residuum 1,00 

Carbonate of Mai^nesia, . . 0.83 
Carbonate of Lime . , . . 98.17 

10000 



0YRIA ANP PALS8TINS. 313 

Deser, Mount Hor and Wady Monsa, in the ancient Edom, 
are composed of variegated or new red sandstone ; and the ex- 
cavations of Petra, the ancient capital of Edom, are in this rock ] 
which extends to Mount Sinai, and still farther south. On the 
borders of the Dead Sea marly strata occur, and a remarkable 
ridge of rock salt, from 100 to 150 feet high, called Usdum. 
Robinson and Smithes Biblical Researches in Pales tiney dpc, VoL 
2, p. 482. 

Descr. Some of the highest peaks around the Red Sea, are 
said to be composed of eranitic rocks. Mount Sinai is wholly 
granite, or perhaps syenite : as are also the mountains on each 
side of the Arabian Gulf. Porphyry and greenstone exist also 
in the same mountains. Trap rocks occur at Akaba, the east- 
ern extremity of the Red Sea : and according to Burckhardt, 
ancient volcanic craters may be seen in the same region. Ac- 
cording to Von Boch, the valley of the Jordan, from Mount 
Libanus to the Red Sea, is a fissure, through which volcanic 
agency has been active, and the character of the Dead Sea, as 
well as the thermal springs on its margin, the existence of vol- 
canic rocks in the same region, the ro^^k salt and great amount 
of bitumen, and the columnar and amygdaloidal rocks existing 
near the Jordan, render it highly probable that this igneous 
agency has been exerted at some former period. American 
Biblical Repository^ VoL 3. Second Series, p. 24, p. 324. 

Defter. Barometical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level 
of the Mediterranean : and very recently (1841) the point has 
been settled by British officers, who have surveyed the region 
between the two seas trigonometrically. They find the Dead 
Sea to be 1337 feet below the Mediterranean. 

Rem. Since the above was wrilten, I have received an extensive series 
of specimens illustrating the geology of Syria and Palestine, especially 
that of Mount LebanoQ, from Rev. Story Hebard, American missionary in 
Syria, who had paid a good deal of attention to geology before leaving 
this country. They confirm the preceding statements essentially. The 
limestones of IVIount Lebanon are often pulverulent, and even chalky; 
though some of them are compact. They often contain siliceous nodules ; 
sometimes as large as a man s head, which, on breaking open, present 
splendid gcodes of crystals of quartz, or sometimes of mamroillary chalce- 
dony. Solid nodules of bornstone, passing into chalcedony, are also com- 
mon. The Hmestcine contains fine petri&ations of one or two 8p<^cies of 
TelJina, and Venus, a Terebra, a Trocbus, a Dolium, an Ostrea, an 
Echinoderm, and fishes on a white marl slate somewhat like that of Monte 
Bolcn, and with homocercal tails. The sandstones are hi&{hly ferruginous, 
and resemble those in this country that are referred to the lower part of 
the cretaceous group. In this sandstone occar beds of asphaltum, espe* 
cially at Carruel on Mount Lebanon, and at Hermon on Anti-Libanus, at 
the former place in ferruginous sandstone. Ugnite is also found on I^ba* 

27 
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noa. Near the tops of this mountain occurs a brittle bituminoas shale, and 
on the borders of the Dead Sea and the Sea of Tiberias, a black highly 
bituminous limestone. Genuine greei>stone is found with the limestone on 
the east side of Anti-Libanus ; and a vesicular basalt with olivine. The 
same rock exists at Hauran, southeast of Damascus. Genuine basaltic ve- 
sicular lava occurs in an ancient crater five miles west of Safet ; and a still 
more porqus variety on the north shore of the Dead Sea. The rains of 
Jericho furnish a similar rock. (^See tke Specimens in the Cabinet of Amr- 
kerst College.) 

Descr. "7*hB compact limestone rocks whicli bound the 
Nile in the whole of Upper Egypt " says Mr. Weaver in his 
Observations on Ehrenberg's Discoveries in Mag, Nat Hist 
for June^ 184 1, ;?. 305, " and extend far into the Sahara, or Desert^ 
as well as the West Asiatic compact limestones in the north 
of Arabia, are in the mass composed of the coral animalcu- 
les (Polythalamia of Ehrenberg, or the Foraminifera of D^Or- 
bigny ) of the European chalk. This affords a new insight into 
the ancient history of the formation of Lybia, from Syene to 
the Atlas, and of Arabia, from Sinai to Lebanon: thus opening 
a large field to organic distribution." 

Rem. Professor Bailey, of West Point, having seen the above paragraph, 
requested me, (March 1842) to send him specimens from my collection above 
referred to, of limestones from Syria and Falestine. Having complied with 
the request, Professor Bailey has kindly communicated to me the following 
results, which confirm in an interesting manner the statements of Ehren- 
berg. The localities mentioned by Ehrenberg are " Hamam Favafin and 
Tor in the Sinaian portion of Arabia;^' "constituting hilly masses in Upper 
Egypt," and " continued eastward into the Great DtRsert plain tending to- 
wards Palestine." The specimens examined by Prof. Bailey are mostly 
from places much &rtber north. 

No. 1 . From the interior of the Pyramid of Cheops : Polythalamia distinctly 
present, but rare. 

No. 3. West side of Anti-Libanus : Polythalamia abundant. "Fig. 123. 

No. 30. Anti-Libanus : clay colored Kraestone : Polythalamia abundant. 

No. 3. Near Damascus : Polythalamia abundant. Fi^. 121. 

No. 7. Mount of Olives : Polythalamia abundant. Fig. 123, 

No. 8. Bey root : Polythalamia abundant. Fig. 122. 

Prof Bailey has added sketches of Polythalamia from the English chalk, 
and from a cretaceous formation at a mission station on the Upper Missis- 
sippi ; Fig. 121. The spots marked a, a, were red in the specimens, and maY 
have been eggs : those marked b, b, are air bubbles, left in the cells after spread- 
ing the specimens in Canada balsam. The scale shown on Fig. 2 is the 
same for aU. It is JIJ. ths. of a millimetre, magnified equally with tha 
sketches. , 

Inf. It is impossible to compare the sketches on Figs. 121, 
1 22, without being convinced that they all were derived from 
the same formation ; that is from the chalk formation. The 
evidence would hardly be more satisfactory if the organic re- 
mains were those of mastodons or megatheroids, having as close 
a resemblance as is shown in these figures. What an interest- 
ing example of the constancy of nature in her minutest works. 
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Prom BeynuL 

Deier, In the weateni part of Asia Minor to tba east of 
Smyrna, and in the vicinity of the ancient Sardis and Philadel- 
phia, ie a region interesting to the geologist, trailed iha burtU 
coavlry, from tha atriking marks it bearB of former volcanic ac- 
tion. Here ere seen numerous streams and beds of lava, and 
30 distinct volcanos, whose craters are covered by soil and 
vegetation. The deep fissures cut through the lava by running 
water, shows that the period of action in these volcanos must 
have been very remote. Three of them, Jiowever, are much 
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moTe recent : yet even these have been quiet for at least 3000 
years. Dr. SmitKs Scripture and Geology, 2d Ed. p. 149. 

Persia, including Cabul, Afghanistan, Baloochislan, ^c. as far 

as the River Indus, 

Descr. The little that is known of the gecdogy of this vast 
region, consists of a few insulated facts. On the north, com- 
mences the largest inland sea in the world, viz. the Caspian ; 
which is 600 miles long, and 300 broad, and salt like the ocean. 
In the northwest part of Persia is the lake Ooroomiah, 300 
miles in circumference, whose waters hold in solution one fifth 
of their weight of salt, and contain so much sulphuretted hy- 
drogen as to tarnish '^silver rapidly, after having been brought to 
this country.* The sea of Aral, in Tartary, east of the Cas- 
pian, is also salt. These facts, particularly those in respect to 
Ooroomiah, indicate volcanic agency in those regions ; and the 
remarkable springs and deposition of asphaltum, in the region 
of ancient Assyria, as well as the sulphur in the soil, lead to a 
similar conclusion. An extinct volcanic crater is said to exist 
in the vicinity of Mount Ararat ; and that mountain itself is 
made up of ancient lava. A crater also exists in the Kourdish 
mountains. Near Tiflis, in Georgia, are hot springs; and a 
boiling spring on the river Akhoor. In the Caucasian moun- 
tains are extensive groups of basaltic columns. Near lake 
Ooroomiah occurs the beautiful white or yellowish calcareous 
alabaster of Tabreez, which is deposited by thermal waters in 
great abundance. Near the ruins of the city of Tact-i-Solo- 
mon is another enormous deposit of calc sinter. Copper, lead, 
and silver are mined near Tokat, where 50 furnaces are in ope- 
ration. Iron, copper, and silver are also wrought near Samsoon. 
Sir Robert Kef Pariei^s Travels from 1817/0 1820. See Am, 
Jtmrrud Science. Vol. 37. p, 347. 

<i^^— — ^ I - ■ I I 111 i-i^— .— 

* I have recently analyzed this water, and found 500 grains of it to con- 
tain 

Of solid matter .... 103.1 grs. 
which was composed of 

Chloride of Calciam . . 0.74 grs. 

Chloride of Magnesium . 5.76 

Chloride of Sodium . . . 90.58 

Sulphate of Soda .... 5.67 

102.75 



Excess above the solid contents 65 
Bromine was detected, but .its quantity not ascertained. 

27* 
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Descr, From specimens and (heir labels sent by Rev. Jostin Perkins 
and J. L. Merrick, American misstonaries in Pemia, I learn tbe following 
facts. X. That on the vast plain northwest of Mount Ararat, are moraines 
like those in this country. 2. That the principal rock in the mountains 
west of the city of Ooroomiah is granitic gneiss, having a dip from lO^ to 
3(F SE. 3. That gray sandstone and conglomerate with gypsum are abundant 
in the same region. 4. That quartz rock exists there, as well as in some 
of the islands of the lake, an<f in several other puts of Persia. 5. That 
iinestone is abundant around Ooroomiah. 6. That red sandstone and 
conglomerate (probably tbe new red sandstone,) constitute a mountain just 
back of Tabrcez, some part of which appears as if it had been exposed to 
very powerful heat : and that similar rocks occur in other parts of Persia. 
7. That beautiliil rock salt is dug from a mountain near 1 abreez, as well 
as on the plain of Khay with gypsum, and at various places along the areas 
in Georgia^ 8. That rich ore of copper; composed of native copper, and 
the green and blue carbonates, exists in large quantity 30 miles northeast 
of Tabreez, from which the Persian government have manufactured can- 
non. 9. That the marble in the ruins of Persepolis resembles lias with casts 
of Turbo CO 

Tartary. 

Descr, The interior portion of Asia is crossed by four 
grand systems of mountains from east to west; viz. on the 
south, the Himmalayah, next northerly the Kuenlun, then the 
Thian-chan, and the Altaian. The first is in India ; the second 
separates Tartary from Thibet, and the last from Siberia j while 
the Thian-chan occupies its central parts. The Altaian chain 
presents its magnificent displays of primary and transition 
rocks ; over which are secondary ana tertiary deposits. In 
these rocks are numerous metallic deposits. The quantity of 
gold annually derived from thence, is 1140 pounds avoirdupois, 
and of silver, 41.992 pounds. 

Descr. Active and extinct volcanos occur in central Asia ; 
occupying a space of 2500 square leagues. The most remark- 
able volcanic mountains are Pechan, Houtcheon, OuroumptsI| 
Kobok, and Aral-toube. These are between 900 and 1200 
miles from the sea. 

Siberia. 

Descr, The geology of the Uralian mountains, which sepa* 
rate Siberia from JBurppe^ is similar to the Altaian range in it^ 
general features. 

Descr, The Uralian mountains, especially on the Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 53 tons of gold were thence obtained. As lone 
ago as 1782, this mountain yielded G6.00Q tons of iron, and 
31.500 tons of copper. The Altaian chain of mountains, also, 
yields an immense quantity of silver, as well as much gold and 
copper. In 22 years, 12.348 pounds of gold, and 324^000 
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pounds of silver, were dug from the single mountain of ScUan- 
genberg. In 1828, the entire produce of silver in Siberia was 
182 tons. In the Uralian mountains, within a few years, pla- 
tinum has been found in such quantity that it is now used as a 
coin in Russia. 

Descr. Other interesting minerals are found in Siberia : 
among which are the diamond, topaz, emerald, beryl, onyx, lapis 
lazuli, beautiful crystals of qUartz, rubellite, avanturine, came- 
lian, chalcedony, agates, &c. 

Hindostan, Thibet^ and Further India. 

Descr, The two first of these countries are separated by the 
Himmalayah mountains, the highest on the globe, and their 
geology becomes, therefore, of great interest. On approaching 
this diain from the plains on the south, we first meet with a 
sandstone belonging to the newer secondary series ; next in sue- 
cession argillaceous slate, mica slate, talcose slate, quartz roek, 
hornblende slate, and limestone. The highest part of the range 
is composed chiefly of gneiss, traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
also, occur tertiary strata, in which the bones of the mastodon 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elephant, mastodon, hippopotamus, 
rhinoceros, elk, horse, deer, crocodiles, gavials, sivatherium, and 
the monkey. Diluvial deposits are said also to occur in these 
mountains. In Middle India, the vast plains are composed 
mostly of clays, sand, and gravel, with organic rem&ins or an^ 
mals and fossil wood. Good coal also occurs here in a forma- 
tion resting on granite. Peninsular India is composed in a great 
measure of unstratified rocks: such as granite, syenite, and trap: 
though nearly all the stratined primary ones are present also. 
Extensive deposits of secondary and tertiary strata exist there 
likewise ; as well as diluvium and alluvium. The geology of 
Further India is but little known. 

Descr, Southeastern Asia has long been known as a region 
of gems. The diamond occurs in several places in Hindostan, 
both in conglomerate and the alluvium. Corundum, from its 
coarsest to its finest state, is found there. Pegu is well known 
to produce the most beautiful variety of the oriental ruby, which 
is a sapphire. Topaz, zicon, tourmaline, garnet?^ carnelian, 
jasper, agates, amethyst, catseye, chrysolite, &c. are common. 
The annual value of carnelian formerly exported from India, was 
^^50.000. Burmah is celebrated for the vast amount of petro- 
leum collected in wells: which amounts to 92.781 tons per 
annum. India also contains gold, tin, iron, lead, and zinc 
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though not enough of these metals is obtained for home con- 
sumption. Hock salt is also found. *From Thibet is brought 
a large quantity of borax This is obtained from a lake, which 
contains also common salt The Thibetans are said to work 
mines of copper and mercury. 

Ceylon. 

Descr. The geology of this large island, lying near the coast 
of southern India, is quite simple. It is made up almost en- 
tirely of primary rock, most oi it stratified. The prevailing 
rock is gneiss: which is associated with. dolomite, and subordi- 
nate masses of quartz rock. Granite, syenite, and greenstone, 
also, exist there. 

Descr. Iron is almost the only valuable metal found in Cey- 
lon. But the gems are numerous. Amethyst, rose quartz, cats- 
eye, prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, 
■pinelle, sapphire, and corundum, have been found; most of 
them in eonnection with graphite in gneiss. TVansactions of 
the Geological Society, Vol. 5. Part 2. p. 3l\. 

China, 

Descr. Little is known of the geology of China. We only 
know that granite, syenite, porphyry, sandstone, &c. occur 
there. But its minerals are more known. Gold and silver, 
mercury and copper, lead, tin, and arsenic, are among those 
which are wrought. Rubies, corundum, topaz, lapis lazuli, 
jasper, agate, jade, porcelain clay, and marble, are enumerated 
among its valuable minerals. 

Japan* 

Descr. It is known that these islands contain several vol- 
eanos, but their other geological features are little understood. 
Gold and silver abound, and copper and mercury occur. Sul- 
phur exists in great quantities : and coal is found, as weU as 
amber, porcelain clay, marble, &c. 

East Indian Archipelago. 

Descr, In Sumatra are four volcanos, nearly 12.000 feet 
high : while granite, trap, limestone, and other primitive rocks 
exist there, as well as tertiary clays. In Java, are several 
ranges of volcanic mountains ; and at their bases are deposits, 

f$rhaps tertiary, of limestone, clay, and marl, with rock salt 
anca is said to be composed of gneiss and mica slate with 
granite. In Borneo, primary formations are abundant, forming 
the axes of the principal mountain chains ; while secondary, 
tertiary and alluvial deposits occupy the lower regions. Vol* 
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canos also exist here. The Philippine islands are likewise vol* 
canic : so are also the Moluccas : of which Celebes contains 
primary rocks. 

Descr, The mineral treasures of this Archipelago are abun- 
dant. Gold occurs in nearly all the islands : and the amount 
annually collected, is estimated at 2.922.300. Tin is abundant 
especially in the island of Banca; where in 1817, about 2083 
tons were smelted. Copper also occurs. Sulphur is obtained 
in great abundance and purity in Java. Borneo is celebrated 
for its diamonds: one of which in the possession of a prince of 
Matan, is valuad at 81.194.350. 

. Australia, or New Holland. 

Descr. The details of the geology of particular portions of 
this vast island, or rather continent have not been given: yet 
numerous facts on the subject are known. The coast is for the 
most part rocky and mountainous ; and the rocks which have 
been recoguizea, are granite, mica slate, talcose slate, <}uart2 
rock, ancient sandstones and limestones, the coal formation, red 
marl, with salt and oolite : also porphyry, greenstone, clinkstone, 
amygdaloid, and serpentine. There are some traces of former 
volcanos. Topaz and agate are the most interesting minerals. 

Descr, Interesting collections of fossil bones from the lime- 
stone caverns of New Holland have been carried to England^ 
and referred to at least 14 species of animals. These animals 
are all similar to those found living in Australia ] such as the 
kangaroo, dasyurus, hypsiprimnus, wombat, a rodent, a aaurian, 
and an elephant. These bones are much gnawed like those in 
the English caverns, and were probably carried into the caverns 
by carnivorous races. 

Polynesia, 

Descr. The predominant formations in this vast group of 
islands are the volcaiuc and the coral reefs. Those islands 
formed by the latter, are low and level : but the others rise to 
a great height Mouna Boa in the Sandwich islands is more 
than 16.000 feet high; and Mouna Kea, 18.400 feet. These 
islands, with a surface of 4000 sauare miles, are aH volcanic : 
Kirauea being the most remarkable volcano on the globe. The 
Society islands are composed mostly of igneous rocks of greater 
age ; as basalt, which frequently contains most of the zeolitic 
minerals. The Friendly islands are mostly volcanic ; as are 
also the Marquesas, the Gallipagos, the New Hebrides, and 
Grambier^s islands. Juan Fernandes is composed wholly of 
basaltic greenstone. The South Shetland and Orkney islands 
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•MS maott up of primarj rocks,' abng with those of more leeenfr 
igneouB origin. The coral islaiids are Elizabeth Island, Whit- 
sunday, Clueen Charlotte, Loigoon, Egremont, he, &s. The 
shores pf nearly all the volcanio islands are lined with coraL 

AFRICA. 

Egypt. 

Deser, The southern part of this country is primary ; con- 
sisting of granite, syenite, and other primary rocks. The fel- 
spar in the granite and syenite is red, and the rock has been 
used for many of the monuments of Egypt, as Pompey's Pillar, 
Cleopatra's Needle, &c. Syenite took its name from one of 
these localities, near Syene. North of Syene succeeds a region 
of sandstone, which appears to belong to the more recent of the 
secondary rocks. This is succeeded by the limestone tract, 
which reaches from Thebes several days journey south. Be- 
tween Thebes and the Mediterranean, the country is wholly 
alluvial On the west side of the Nile are the most remarkabm 
examples of dunes that are known. 

Nubia and Abyssinia, 

Deser. Of the latter country nothing of importance is known 
respecting its geology, though some gold has been found, and 
large quantities of salt are obtained from a large plain ; perhaps 
the site of a former salt lake. In Nubia, travellers mention 
granite, syenite, porphyry, sandstone, and limestone ; and for- 
BMrly mines of gold were wrought there. 

Barhary or Northern Africa, 

Descr. The greater part of northern A&ica is a level sandy 
plain. But the chain ol mount Atlas extends nearly across the 
whole of Barhary from west to east, and rises to the height of 
13.000 feet Its higher parts are composed of granite, gneiss, 
mica slate and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembling 
the lias, though sometimes approaching the transition lime- 
stones. Secondary sandstones also occur, and above these, ter- 
tiary strata. Among the secondary and tertiary formations, 
trap rocks are included. Salt springs and gypsum are found. 

Western Africa. 

Descr, This embraces the west coast of Africa, from the 
river Senegal in 18^ north latitude, to the river of Benguela in 
18° south latitude. Little is known of its geology. The hiUs 
~ "^und Sierra Leone aro granitic. The district through which 



AFRICA AND AMERICA. 323 

tli» river Zaire flows, is composed of gneiss, mica slate, clay 
slate, primary limestone, granite, syenite, and aneenstone. Not 
a little gold (estimated in the beginning of the last century from 
200 000 to 300.000 pounds sterling annually,) is obtained from 
the interior, especially along the Gold coast, and at the head of 
the Senegal and Gambia rivers. In Angola are very extensive 
deposits of salt, and some iron, and coj^r. 

Southern Africa, 

Descr. The southern part of Africa is crossed by three 
ranges of mountains, running parallel to the coast ; the height 
increasing towards the interior^ till the innermost range rises 
10.000 feet. North of these mountains are extensive table 
lands. The rocks composing these mountains are gneiss, clay 
slate, graywacke, quartz rock, and sandstone. Sandstone is 
most abundant ; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30^ of latitude. Its 
strata are usually horizontal ; and they give a tabular shape to 
the summits of the mountains. Table Mountain at the cape 
of Good Hope, is formed in this manner. Through these rocks 
are found protruding masses of granite, as well as basalt, pitch' 
stone, and red iron ore. The relative situation of all these 
rocks is the same as in Europe. 

Eiastern and Central Africa^ and Sahara^ or the Great Desert. 

Descr ^ Nothing appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, which is traversed 
by the mountains of the Moon, much more is known. The 
more elevated parts consist of gneiss, mica slate, quartz rock, 
hornblende rock, clay slate, and limestone ; traversed by granite, 
greenstone, and other trap rocks. At Goree are fine examples 
of basaltic columns. Extensive beds of rock salt are quarried 
in Soudan, and salt and natron lakes occur. It is also from this 
country, than most of the gold carried to the western and the 
eastern coast is obtained. The Great Sahara or ^Desert, is 
chiefly covered with quartzose and calcareous sand ; and is the 
most desolate region on the globe. Occasionally, however, the 
rocks rise through the sand, and are found in the eastern part 
to consist of limestone and sandstone, containing rock salt and 
gypsum, and traversed by trap rocks. Where the Sahara 
reaches the coast, the rocks are chiefly basalt 

African Islands, 

Descr* A large proportion of the islands around Africa are 
volcanic, and are composed ot lava or basalt. 0£ this descrip* 
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tipn are the Azores, the Canariee, where the Tolcaoie peak of 
TsQeriffe rises to the height of 12.000 leet : also the Cape Yerd 
islands, St Helena, BouzDon, &c. 

AMERICA. 

Descr* The longest chain of atountains on the ^obe, and 
with one exception the highest, traverses the whole length of 
this continent near its western side. In South America it is 
called the Andes : on the isthmus of Panama it sinks into a 
comparatively low ridge : but rises into the table land of Mexico 
and Guatimala, 6000 feet high ; and some conical peaks shoot 
up much higher. Beyond Mexico this chain is prolonged in 
the Rocky mountains ; which rise in some places about 12.000 
feet. This chain continues nearly or quite to the Northern 
Ocean. Parallel to the Atlantic, the Appalachian, or Allegany 
mountains traverse the U. States, rarely rising more than 6000 
feet and usually not more than 2000 or 3000 feet Detached 
branches from these mountains extend irreeularly into Canada, 
Labrador, and around Hudson^s Bay. The mountains which 
form the West Indies, may be regarded as the southerly pro- 
longation of the Alleganies. Beyond the delta of Orinoco, they 
appear again in numerous ridges in Guiana and Brazil, extend- 
ing to the La Plata. 

Descr. America is distinguished by vast plains as well as 
grand mountains. One of these lies along the Atlantic, of 
variable width, throueh the whole of the United States, extend- 
ing to the Appalachian ridge, and occupying a wide extent 
through the whole of South America. A similar plain, but 
much narrower, occupies the western side of the continent. 
But the most extensive plain is the vast region lying in North 
America between the Appalachian chain and the Rocky moun- 
tains. Another, almost equally vast, occurs in the heart of 
South America. In its northern part is a vast expanse along 
the Orinoco : and in the southern part, are the immense Pam- 
pas of La Plata. 

South America, 

Descr. The basis of the vast chain of the Andes is com- 
posed essentially of gneiss and granite : but these are covered by 
an immense deposit of ancient volcanic rocks ; such as pyrox- 
enic porphyries, diorites, basalt, trachytes, with wacke-like con- 
glomerates. The elevated table lands in the vicinity of this 
range, are covered in tf measure by fossiliferous limestone, 
whi^ch occurs from 9000 to 14.000 feet above the ocean: and by 
new red sandstone, embracing ores of copper and gypsum. 
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The lower table land is covered by diluvial detritus, embracing 
gold. The mountains in the central parts of America, lying 
east of the principal Cordilleras, are in a measure composed oF 
various slates, with quartz rock and sandstone : the central axis 
being usually primary, and the slopes the older secondary. 
The plains between the dlfierent chains are extensively covered 
by tertiary strata. These strata, with white marl analogous to 
the lower chalk, and a sand like the green sand, are well devel- 
oped on the shores of Patagonia. Indeed, the chalk formation 
has an immense development in South America, and rises in 
some places nearly to the height of 13.000 feet. De BucKs 
Petrifactions receuillies in Amerique, dfc. p. 18. In Brazil, 
granite frequently abounds in the lower parts of the country, 
as well as in the mountains, where it is associated with nearly 
every other stratified and unstratified rock of the primary 
group. In short, nearly every stratified and unstratified rock 
on the globe, from the oldest to the newest, from granite to lava, 
and from gneiss to alluvium, are developed in South America 
on a magnificent scale, and occupy the same relative position 
as in other parts of the globe. Humboldt on the Superposition 
of Rocks : Hozefs Geologie, p. 525. 

Descr. South America has long been celebrated for its 
mines of gold, silver, platinum, and diamonds. In Chili the 
annual produce of the gold and silver mines is about $8,500,000. 
More than a hundred copper mines exist, and are much more 
profitable than those of gold and silver. Mines of quicksilver, 
lead, tin, iron, and antimony also exist there, as well as deposits 
of nitre, rock salt, and coal. But mining operations are at pre- 
sent in a wretched state ; owing to wars and political "convul- 
sions. 

Descr. Brazil is most celebrated for its gems, especially its 
diamonds. They are mostly explored in the beds oi rivers by 
washing the soil. Upon the first discovery of these mines, they 
sent forth a thousand ounces of diamonds ; which affected the 
market powerfully. At present the annual produce is about 
22.000 carats; or 183 ounces. The Brazilian topazes and em- 
eralds are very fine, as well as the chrysoberyl, amethyst, and 
quartz crystals. Gold is also sought after with success in the 
auriferous sands. Copper ores are likewise abundant ; and de- 
posits of common salt and nitre occur. 

Descr. Colombia affords some diamonds ; also emeralds, 
sapphires, hyacinths, precious garnets, turquoises, and ame- 
thysts. Great expectations have also been excited respecting 
gold and silver- but from 1810 to 1820, only $2,000,000 were 
annually coined from the native metal : but much more might 

28 • 
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be obtained with proper mana^ment. Copper and qtdcksilver 
mines are wrouerht, as well as tin and rock salt ; the latter yield- 
ing a revenne of $150,000. 

Descr, Peru, including Bolivia, or Upper Peru, is perhaps 
the most remarkable region on the globe for the precious metals. 
Gold, silver, and mercury, are the most important. The silver 
mountain of Potosi alone, yielded in 225 years, no less than 
$1,647,901,018; and yet but a small part of it has been exca- 
vated: the whole mountain being a mass of ore : and it is 18 
miles in circumference. One mine of quicksilver is 70 feet thick, 
and formerly yielded an immense amount. The other mines 
of gold and silver are very numerous ; but their produce is 
n^uch less than formerly, on account of the imperfect manner in 
which they are wrought. There are also mines of copper, lead, 
tin, and rock salt. Most of the mines are situated in the east- 
ern range of the Andes, which consists of mica slate, syenite, 
porphyry, new red sandstone, and oolite. 

West Indies. 

Descr, These islands appear like the fragments of a former 
continent; and most of them contain mountains, which, in 
Cuba, Hayti, and Jamaica, rise to the height of 8000 or 10.000 
feet. The highest mountains in Cuba are mica slate, and 
through the secondary formations of the lower regions, project 
gneiss, granite, and syenite. Veins of gold, silver, and copper, 
also occur here, and coal eidsts in a vein, — ^which is a y^iy rare 
occurrence. Philosophiccd Magazine, Vol. 10,^.760* In the 
south part of Hayti is a mountain of granite. The highest 
part of Jamaica is composed chiefly of graywacke with trap 
rocks. Upon these lie red sandstone, marl, and limestone, witn 
trap and porphyry ; the whole covered by diluvium and allu- 
vium. Tne eastern part of the Caribbean group, as Tobago, 
Barhadoes, Antigua, Bermuda, he. are principally composed of 
limestone, probably tertiary. Antigua has been described mi- 
nutely by Dr. Nugent, Transactions of the Geological Society^ 
Vol. 5, and more recently by Prof. Hovey. American Journal 
of Science^ Vol. 35, p. 75. It consists of graywacke, (indurated 
clay of Prof Hovey,) recent calcareous deposits, and trap. 
Lying above the graywacke, is a singular siliceous deposit em- 
bracing an immense number of silicined trees of every size, up 
to 20 inches in diameter ; along with vast numbers of shells. 
These form most splendid agates, and admit of a high polish. 
{See fine specimens in Prof, Hovels Cabinet hequeaihed^o Am* 
herst College.) 

Deser. Prof. Hovey has also given an interesting account 
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of the geolo^ of St. Croix. Am, Journal of Science^ VoL 35. 
p. 64. He nnds there the same stratified formations as occur 
in nearly all the West India islands ; viz. eraywacke, and ter- 
tiary and alluvial limestone ; hut unstratified rocks are wanting. 
The tertiary strata consist mostly of limestone, more or less in- 
durated, and ahounding in shells and corals ; many of which 
are identical with those now living on the ocean. A similar de- 

Sosit is now forming upon the shores : and it was in this recent 
eposit that the human skeletons, now in the British museum 
and garden of plants, were found. ^Numerous specimens of 
the rocks and fossils of St Croix and Antigua may be seen ia 
Prof. Hovey's collection above referred to.) 

Descr. The western parts of the Caribbean islands are 
mostly volcanic : such as Grenada, St. Vincent; St. Ldicia, 
Martinique, Dominica, Guadaloupe, Montserrat, Nevis^ St. 
Christopher's, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period: but craters are 
visible, and trachytic and basaltit^ rocks are common. 

Descr. Trinidad is a continuation of the continent, and con- 
sists mostly of primary rocks. The famous Pitch Lake, three 
miles in circumierence, has already been described. 

Guatimala and Mexico, 

Rem, The geology of Guatimala is very similar to that of 
Colombia, on the south, and of Mexico on the north : being in 
fact the same as that of the Andes generally ,* and, therefore, in 
this brief sketch nothing farther need be added, except to say 
that this country contains mines of silver and of sulphur. 

Descr. Mexico consists mainly of a vast and very elevated 
table land.; being in fact a flattening down of the Andes on the 
south, and the Hocky mountains on the north. This vast plain 
1500 miles over, is occasionally diversified by an elevated insu- 
lated peak, which is often a volcano, recent or extinct. The 
basis of the country seems to be primary rocks ; such as gneiss 
and granite ; but its upper portion is covered with porphyry and 
trachyte. Secondary sandstone and limestone also occur. A 
line of volcanos, of which there are five principal vents, tra- 
verses Mexico from east to west, about in the latitude of the 
capital. 

Descr, The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talcose slate, transition limestone, graywacke, and 
porphyry. New Spain yields annually 1.541.015 pounds troy, 
of silver : or two thirds of the silver which is obtained on the 
?vhole globe : and ten times as. mueh as is produced by all the 
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mines of Europe. The nnmber of mines is 3000. Tlie quan- 
tity of eold annually obtained is only 4315 pounds troy. Tin, 
copper, Jhead, mercury, and iron, are mined in Mexico to some 
extent, and the ores are abundant. Beds of rock salt occur on 
the Rio Colorada 

Westerly and Northerly Regions of America. 

Descr. The regions embraced under this name are those 
lying west of the United States and north of the Canadas. 
The Rocky mountains, which are a prolongation of the Cordil- 
leras of South America, are the principal chain, and are com- 
posed of primary rocks with extensive secondary deposits upon 
their sides, among which are clay slate, graywacke, and lime- 
stone. On Mackenzie river, brown coal occurs in tertiary clay. 
The coast of the Arctic Ocean, from Cape Lyon to Copper 
Mine river, is composed of clay slate covered by trap rocks : 
and most of this northern region is strewed over by oowlders 
of limestone, granite, porphyry, greenstone, &c. 

Descr. Melville island, in latitude 74° 26' north, is 
composed of sandstone, probably of the coal formation, with re^ 
mains of coal plants of a tropical character. Around Hudson's 
Bay, are found all the great classes of rocks, except the ter 
tiary ; and almost every other variety found in the other parts 
of North America. 

Descr. No part of the extensive regions above described ap- 
pears to be- truly volcanic, except a strip between the Rocky 
mountains and the Pacific Ocean. Whether any recent vole a- 
nos exist there, may be doubtful : but genuine lava is brought 
from thence, as well as trachyte, and other volcanic productions ; 
and immense deposits of basalt, massive and- columnar, are 
found along the principal rivers. Volcanic mounds, cracked at 
the top, and surrounded by fissures, are numerous over the 
whole region. This is probably a continuation northward of 
the great volcanic chain of the Cordilleras of South America 
and Mexico. 

Descr, The mineral treasures of this region have been but 
imperfectly explored. Near the head of Salmon river, on the 
west side of t^ Rocky mountains, Rev. Mr. Parker saw a bed 
of pure rock salt, among, strata which he says resemble the de- 
scription of those at Wieliezka, in Poland. He used the salt 
and found it good. The great salt lake in the same region far- 
ther south, contains so much salt that it is deposited in large 
quantities on the shore. Epsom salts occur also, on both sides 
of the Rocky mountains, in thick incrustations in the bottom 
of ponds, which have been evaporated in the summer. Explor 
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ing Tour beyond the Rocky mountains^ p. 328, second Ediiior 
Ithaca, 1840. Beds of roek salt occur in other places besides 
those mentioned above, west of the Rocky mountains and of 
great thickness. Prof. H, D. Rogeris Report to the Briiis 
Association at the Fourth Annual Meeting. 

United States, and British America, 

Rem. A more accurate idea can be given of the geology 
of this vast region, by considering the united States and the 
British possessions as a single extended district. 

Descr^ In proceeding southeasterly from the coast of Labra- 
dor, we meet ere long with ranges of mountains, at first not 
high, having a southwest and northeast direction. On the south 
shore of the St. Lawrence they become very elevated, forming 
in fact the northeastern termination of the Allegany range. In 
the northern part of Maine they rise to the^-height of 5300 feet; 
and in New Hampshire, (the White hills) 6234 feet. The 
western side of this range forms the eastern side of Lakes 
Champlain and George, and the valley of the Hudson river. 
The ran^ occupies all New England, and extends south* 
westerly into the middle and southern states, crossing the Hud- 
son at the Highlands : and in Pennsylvania, Maryland, Vir- 
ginia, North Carolina, South Carolina, and Tennessee, forming 
several parallel and lofty ranges of mountains ; four of which 
are sometimes reckoned ; distinguished as well by their physi- 
cal features, as by their geology. The most easterly, Prof. 
Rogers denominates the jBastern system of mountains: the 
next in order, the Blue Ridge system : the third the Appalor 
chian, and the last the Allegany- system. They rise in Black 
mountain in North Carolina, to the height of 6476 feet, and inr 
Roan mountain, 6234 feet. 

Descr. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river ; one at the 
distance of 15 or 20 miles, and the other 200 miles distant. 
On the west side of Lake Champlain, is a remarkable develop- 
ment of these mountains, in Essex county in New York ; 
where they rise to the height of 5400 feet. From Essex county 
these mountains stretch to Kingston, in Upper Canada, where 
they become blended with another low range, which has been 
traced along the northern shores of Ontario and Huron, and to 
the west of Superior, and probably extends nearly or quite to 
the Rocky mountains. These latter mountains form the west 
em boundary of the region under consideration. 

Descr. The vast region of comparatively level country be 
tween the Rocky and Allegany mountains, forms the valley of 
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tlie Mississippi, which extends from the centre of Alabama, 
probably to the Arctic Sea \ being not less than 2000 miles long 
and 1200 miles broad, and embracing more than 2.500.000 
square miles. At its sonthern extremity, this valley unites 
with the Atlantic slope. This slope is several hundred miles 
wide at its southern extremity, but becomes gradually narrower 
until it terminates at New i ork ; with the exception of Long 
Island, Nantucket, and Martha's Vineyard. 

Deter. The way is now prepared for explaining the simple 
and grand outlines of the goology of this wide region. All tho 
mountainous region east of Hudson river, even to Labrador, 
with some few e^^ceptions to be noticed subsequently, is com- 
posed of primary rocks : such as gneiss, mica slate, talcose 
slate, quartz rock, and limestone \ intersected and upheaved by 
granite, syenite, porphyry, and greenstone. South of the Hud- 
son, this primary range is continued, as the Highlands, through 
New Jersey and Pennsylvania, where it terminates. Its souta- 
eastern border passes near New York City, including Staten 
Island, and extending to Perth Amboy. Here it is covered by 
red sandstone, until near Trenton it reappears and forms a 
second band of primary roeks, parallel to that just described as 
terminating in Pennsylvania, and separated from it by a trough 
of red sandstone. This most easterly belt, from 80 to lOOmiks 
wide, ranges through Virginia, North and South Carolina, and 
Georgia, as far as Alabama river, where it passes beneath the 
alluvium of the Mississippi valley. On the southeast side, these 
primary rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Descr. The mountains of Essex county, on the west of 
Lake Champlain, are composed chiefly of Labrador fdspar and 
hypersthene rock : similar to the rocks in the northern part of 
Lower Canada, and the coast of Labrador : and a similar rock 
is found north of the lakes in Upper Canada : and occupying a 
large space south of Lake Superior in the western peninsula of 
Michigan ; so that probably tney may form a connected range 
almost to the Mississippi. Nearly all the rocks in Upper Can- 
ada appear to be primary. 

Descr. It .appears then, that the great central basin of the 
United States is surrounded by primary rocks, except on the 
north and south. The rocks which rest on the primary over 
most of this vast area, consist of clay slate, transition limestone^ 
and the varieties of that group usuuly* denominated gray wacke. 
Mr. Conrad and Vanuxem are of opinion, that the recent divi- 
sions of this group, can easily be distinguished here, especially 
the Silurian. Professor H. D. Rogers points out eleven differ- 
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ent TMrieties of these rocks below the coal measures, whose 
aggregate thickness is more than 5.5 miles : yet obviously all 
belonging to the same geological formation : that is, deposited 
during the same geological period. These rocks constitute all 
the ranges of the Allegany mountains that have been described, 
except the Eastern system of mountains which is primary. 

D.escr. It is a remarkable fact, that while in Europe gypsum 
and rock salt are usually found in the new red sandstone group ^ 
lying above the coal measures, in this country gypsum and brine 
springs, so far as ascertained^ are universally situated in the 
rocks beneath the ooal formation. 

Descr. . Very recently, for the first time in the United States, 
a bed of rock salt has been discovered, 18 miles from Abingdon 
in the southwest part of Virginia. It if as struck in digging a 
well for salt water. Soil and rock were penetrated 50 or 60 feet, 
then a bed of gypsum 160 feet thick, and next the salt which 
was found to be 60 or 70 feet thick. The rocks embracing the 
gypsum and the salt are sandstone and marly clay. Am. Jour. 
8ci Vol. 41. p. 215. Juli/, 1841. 

Descr. It seems now to be well ascertained that the car- 
boniferous or mountain limestone is developed on a vast scale 
in our western states : that it extends westward from Pennsyl- 
vania, at least to Fort Leavenworth on the Missouri river, and 
northward to the Falls of St. Anthony on the Mississippi. 

Descr. In many parts of the vast deposit of transition rocks 
that have been described, a regular coal formation rests upon 
them ; and it is a singular fact, that the coal along the south- 
eastern part of the great valley of the Mississippi, is usually 
destitute of bitumen ; and as we recede from the primary strata, 
it becomes more and more bituminous. 

Descr. Some of these coal deposits are among the largest 
yet discovered in the world. The anthracite deposit of Potts- 
ville, is 60 miles long and about five broad : that of Shamokin, 
commencing near Lehigh, is of the same length and width : and 
that of Wilkesbarre, is 40 miles long and two miles broad. In 
some instances a single seam of coal in these strata is 60 feet 
thick ; and near the middle of the valley, between the Sharp 
and Broad Mountains, no less than 65 seams have been countea. 
The bituminous coal field, embracing the western part of Penn- 
sylvania, and a part of Ohio, extends over an area of 24.000 
square miles : the largest accumulation of carbonaceous matter 
probably iu the world. In fact the bituminous coal measures 
can probably be traced almost continuously, from Pennsylvania 
to the Mississippi, and even into Missouri, 200 miles west of 
hat river. Indeed, coal exists on the eastern slope of the Rockv 
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mountains : and it would not be strange if this shonld be found 
to be the western outcrop of coal bearing strata, whose eastern 
extremity is in Pennspvania. At any rate, it is certain that 
extensive seams of bituminous coal exist in Pennsylvania, Vir- 
ginia, Ohio, Indiana, Illinois, Michigan, Tennessee, Alabama, 
and Missouri. The world cannot furnish a parallel to this im- 
mense mass of carbonaceous matter, to say nothine of the smaller 
laposits in Henrico, Chesterfield, and Prince Edward counties 
u Virginia ; those in Nova Scotia and New Brunswick ; and 
that of anthracite in Rhode Island and Massachusetts. The 
identity of nearly all these formations with the coal measures of 
Europe, seems now to be pretty satisfactorily made out. 

Descr. It has been intimated that there are some exceptions 
to the general statement that the whole country between Hud- 
son river and Labrador is primary. Thus, along the St. Law- 
rence is a deposit of black fbssiliferous limestone. All the north- 
ern part of Nova Scotia is composed of secondary sandstone, 
embracing gypsum and salt springs, with overlying trap, and 
underlaid by clay slate; while between the sandstone and the 
slate are coal measures. Coal is also found in the interior of 
New Brunswick, along with gray wacke and clay slate ; but how 
extensive are these formations it does not yet appear. In the 
eastern part of Maine, fossiliferous rocks occur. In Rhode 
Island and the eastern part of Massachusetts, are interrupted 
patches of a rock of the lower secondary series, containing 
anthracite. In the valley of Connecticut river also, strata of 
red sandstone occur, with protruding greenstone. 

Descr. In going south of the Hudson river, the same red 
sandstone just described, as occurring in Nova' Scotia, Maine, 
and the valley of Connecticut river, appears in New Jersey ; 
where it forms a wide belt southeast of the Highlands. Thence 
it passes through Pennsylvania, from Buck to York counties : 
thence into Frederick county, in Maryland; thence into Vir- 
ginia; thence into North Carolina; and probably still> farther 
south. Throughout the whole extent of this deposit, from 
Nova Scotia to Virginia, ores of copper, bituminous shale and 
limestones, antl protruding masses oi greenstone, are associated 
with it. In Virginia the deposit appeared to be eminently cal- 
careous ; and one of its lowest beds is the well known brecciated 
Potomac marble. 

Descr. 1 have for many years been in the habit of regard- 
ing this rock as the equivalent of the European new red sand- 
stone formation ; and have so named it in my reports on the 
geology of Massachusetts. The geologists of our country, how- 
ever, have genera% hesitated to adopt this opinion: though 
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they admit that this deposit belongs to the newer seeondary 
strata. But the more I examine, the stronger evidence I find, 
that it is the new red sandstone. There is not room in this 
work, to state fully the' grounds of this opinion. But the main 
argument is as follows. Prof W. B. and H. D. Rogers seems 
to have shown, that this rock in New Jersey, Pennsylvania and 
Virginia, lies above the coal formation. Now in Massachusetts, 
Connecticut, and New Jersey, fossil fishes have been found in it 
with heterocercal tails, of the genus paleeoniseus. Hence, ac- 
cording to Agassiz, this rock must be older than the oolite : be- 
cause nsh with such tails do not occur as high as the oolite. If, 
therefore, this formation lies above the coal formation, and be- 
low the oolite, it must be the new red sandstone. 

Descr. Prof W. B. Rogers has found that the sandstone 
containing beds of workable coal near Richmond in Virginia 
is of the age of the European oolite. This is proved by the 
vegetable remains occurring in it. But no where else in this 
country has this formation been identified. Very extensive 
strata occur, however, which have been referred by our geolo- 
gists, on account of their organic remains, to the cretaceous 
group. They are entirely wanting in chalk, which gives the 
name to the European series ; and consist in this country, of 
sands, sandstones, marls, and limestone. In New Jersey. Dela- 
ware, and Maryland, they are characterized by the green sand, 
which is so' valuable as a fertilizer. Farther south they consist 
almost wholly of marls and limestones. From these strata Dv. 
Morton has enumerated 108 species of zoophyta, moUusca, and 
echinodermata : only one of which is common to this country 
and Europe. But there is such a resemblance between the 
genera, and those of the chalk, that it is supposed the rocks 
must belong to the cretaceous period. Several interesting 
genera of saurians, tortoises and fishes, also occur in these rocks ; 
among which are the plesiosaurus, ichthyosaurus, mososaurus 
and the batrachiosauriis. Among the fishes are several species 
of sharks ; some of which are common to the chalk of England. 

Descr^ The cretaceous rocks of this country probably com- 
mence as far east as the islands of Nantucket and Martha's Vine- 
yard, which they may underlie, as well as Long Island ; although 
hidden by drift and tertiary strata. They occupy a wide belt 
of country from New Jersey to Alabama ; and much surface, 
also, in Mississippi, Louisiana, Tennessee, Arkansas, and accord- 
ing to M. Nicollet, extends from Council Bluffs on the Missouri, 
1000 miles along that river, to the mouth of the Yellow Stone. 

Descr. The principal tertiary deposits of the United States 
occur along the Atlantic coast of the southern states to the south 
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east of the cretaceous xocks just described. These tertiary 
rroupS) however, commence as far east as the island of Martha s 
V ineyard, on the coast of Massachusetts ; where they are well 
developed, and seem to belong to the eocene period. They next 
appear in the southeast part of New Jersey ; from whence they 
extend almost continuously through the eastern portions of Dela- 
ware, Maryland, Virginia, and North Carolina; and in inter- 
rupted patches through South Carolina, Georgia, Alabama, Mis- 
sissippi, and Louisiana. Mr. Conrad and others suppose that 
they are able to distinguish in this vast area of our tertiary forma- 
tions the three groups which are recognized in Europe; viz. 
the newer pliocene, the miocene, and the eocene. The post ter- 
tiary also with shells of a highly arctic character, has oeen le- 
co^ized in N. York and Canada. 

Descr. The tertiary rocks of the United States occupy nearly, 
all the level parts of the southern states, east of the Allegany 
range, and the southern part of the Mississippi valley. Hence 
we learn that they are of vast extent. 

Descr. The drift of the United States has already beeu suffi- 
ciently described in section YI. 

Descr. The most extensive alluvial deposit in this country 
is the Delta of the Mississippi. But similar deposits exist along 
the banks and at the mouths of all oitr larger streams. 

Descr, Either in alluvium or drift, the following extinet 
species of the higher, orders of mammalia have been found. 
JElephas primigenius occurs in Kentucky, South Carolina, New 
Jersey, Maryland, and Mississippi : mastodon maximus in Ken- 
tucky, New York, VirMuia, New Jersey, Connecticut, Missis- 
sippi, Ohio, Indiana, and most of the western states : megathe- 
rium on Skiddaway island, coast of Georgia; megalonyz in 
Virginia and Kentucky; several species of ox in Kentucky, 
and Mississippi ; cenms americanus, or fossil elk, in Kentucky, 
and New Jersey : walrus in Virginia. Mr. Cooper estimates 
that the specimens already carried away from the Big Bone 
Lick in Kentucky, must have belonged to 100 skeletons of 
mastodon, 20 of the elephant, one of the megalonyx, 3 of the 
ox,.and 2 of the elk. He. is of opinion that these remains occur 
in drift. But at some other localities it is not improbable they 
may have become extinct still more recently. 

Descr. No evidence of volcanic agency in this country east 
of the Rocky mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri; 
but it probably comes from the Rocky mountains. Thermal 
springs also occur on the western borders of Massachusetts ; and 
near Seneca falls in New York : and Dr. Daubeny considers 
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tlie mineral isprings at BaUsfoh and Saratoga as thermal ^ like* 
wise numerous and abundant springs west of the Blue Ridge in 
Virginia, whose maximum temperature is 102° F: in Bun- 
combe county, North Carolina, with a temperature of 125° : in 
Arkansas near the river Washita, 20O miles west of the Missis- 
sippi, where are not less than 70 springs with a temperature 
from 1 18° to 148°. DauhenAfs Sketch of the Geology of North 
America^ Oxford^ 1839, p. 69. 

Descr. The mineral resources of the United States and the 
British possessions have as yet. only begun to be developed. 
The most important mineral m an economical point of view, is 
coal ; but the extent of our coal fields and mining operations 
has already been given on pages 62 and 331. Details respect- 
ing the brine springs of the western states and Upper Canada 
have likewise been presented on page 188. The coast of Mas- 
sachusetts and Maine furnishes a vast supply of beautiful gran- 
ite. Vast deposits of the most beautiful porphyry also occur in 
Massachusetts, and of serpentine and steatite in various states ; 
as well as inexhaustible supplies of primary and transition 
marbles. 

Descr. An extensive deposit of gold exists in the primary 
range of strata extending from the river Coosa in Alabama, to 
the Rappahannock river in Virginia. The metal occurs in 
veins of porous quartz, traversing gneiss, mica slate, and espe- 
cially tal(^se slate, It is found also in the detrital deposit cov- 
ering the rocks. Silver has sometimes been found in connec- 
tion with the gold, as well as lead and xopper. Even as far 
north as Somerset in Vermont, gold occurs in the quartz tra- 
versing talco-micaceous slate : and probably it exists in the 
space intermediate between this place and Virginia. The value 
of gold sent to the mint from the gold region of the United 
States from 1823 to 1836, was 4.377.500 dollars; and it was 
thought that this was not more than one half of the actual pro- 
duct of the mines. 

Descr. In the northwest part of the United States occurs 
one of the most remarkable deposits of lead in the world. The 
rock containing it is the carboniferous or mountain limestone ; 
the same that is so rich in lead in Great Britain. The extreme 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles ; covering about 80 townships, or 
2880 oqnare miles. It lies chiefly in Wisconsin ; embracing a 
strip ot eight townships in Iowa, and ten townships in Illinois. 
In 1839, it produced 30 million pounds of lead ; and is proba- 
bly capable of yielding 150 million pounds annually ; or more 
han is obtained in all Europe. Lead exists also in considerable 
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quantity in other parts of the United States ; as in Hampshire 
county, Massachusetts, in Rossie, New York, &c. Dr. OwerHs 
Report on the Mineral Lands of the United States^ 1 840. 

Descr. The same region at the west that yields the lead, is 
also rich in copper ore, which has not yet been so extensively 
worked as the lead, for want of a market At the Mineral 
Point Mines, however, upwards of a million and a half pounds 
of copper ore have been raised. OwerCs Report^ p. 40. Great 
quantities of zinc occur also in the same region ; although neg- 
lected : — and the same metal is usually associated with galena 
throughout the country. 

Descr, Another remarkable deposit of copper exists in the 
western part of Michigan, on the south shore of Lake Superior. 
South ox this district, masses of metallic copper have been found 
in the drift over an area of several thousand square miles. A 
single mass on the Ontonaeon river, contains about four tons 
of copper. Dr. Houghton has recently ascertained that these 
fragments are derived from veins of native copper, with the 
eray and red oxides, carbonate, silicate, and other ores, travers- 
ing greenstone, amygdaloid, and an overlying conglomerate, 
very probably a member of the new red sandstone series. 
These veins have not yet been explored at all : but will proba- 
bly be very rich and productive. Dr. HoughtorCs Report on 
the Geology of Michigan, for 1841. 

Descr. , Copper, both native and as ore, is common in the 
trap and new red sandstone in Massachusetts, Cennecticut, 
'^ew Jersey, Virginia, &c, ; but it has not yet been extensively 
explored. Tin has been found in small quantity in Massachu- 
setts, Connecticut, and New Hampshire ; but not in workable 
quantity. 

Descr. The deposits of specular iron ore in Missouri, are 
among the largest on the globe. They are connected with por- 
phyry, and are separated from the metalliferous transition lime- 
stone of that region, by a deposit of granite with trap dykes, 
six miles in width. Pilot Knob, which rises 500 feet, is partly 
and the Iron mountain, 300 i^Qt high, and 2 miles in circumfe- 
rence, is entirely composed of this ore. Vast deposits of iron 
ore exist also in the northern parts of New York ; and suffi- 
cient for present use is found in almost every part of the coun- 
try. The primary regions of New England, New Jersey, and 
Pennsylvania, abound especially in the magnetic oxide In 
1840, tne quantity of pig and bar iron manufactured in th« 
United States was 84.136 tons* In Nova Scotia are valuable 
mines of iron. 

Descr, The gems or precious stones of this country have as 
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yet excited but little attention, because tbe expense of cutting 
them^here is so much greater than in Europe. Hence we can" 
not say, in many cases, whether our localities will furnish ele- 
gant specimens or not. It may be well, however, to mention 
the most important. It has been often stated that the diamond 
has been found in North Carolina. Feutchtwanger^ s Treatise 
ah Gems, p. 67. The blue sapphire occurs in Orange county. 
New York, in New Jersey, North Carolina, and Connecticut : 
the ^rysoberyl at Haddam in Connecticut, and in Saratoga 
county, New York *, the spinel, especially the blue variety, m 
Orange county. New York ; as well as in Massachusetts ; the 
topas& at Monroe in Connecticut, in great quantity, but coarse; 
the beryl in a variety of places ; but pure enough for jewelry, 
at Royalston in Massachusetts, and at Haddam in Connecticut, 
(at the former place a rare variety can hardly be distinguished 
from the chrysolite) ; the zircon or hyacinth in the northern 
part of Vermont, in New York, in Canada, and North Caro- 
lina * the garnet in almost every part of the primary region of 
our country ; and the pyrope especially, of great beauty, at 
Sturbridge m Massachusetts : the cinnamon stone, a variety of 
garnet, at Carlisle in the same state : the green and red tourma- 
line, of great beauty, at Paris in Maine ; also at Chesterfield in 
Massachusetts ; limpid quartz at Little Falls and Fairfield in 
New York, and a multitude of other localities : the smoky 
quartz in a variety of places ; as at Canton in Connecticut, 
Williamsburgh and Brookfield in Massachusetts : the amethyst 
in Nova Scotia is very fine, and at Bristol in Rhode Island, and 
many other places : jasper in a great variety of places : horn- 
stone and chalcedony of various sorts, forming agates, in the 
trap ranges of the eastern states, along the shores of Lake Su* 
perior, &c. ; chrysoprase at Newfane in Vermont : iolite at 
Haddam in Connecticut, and Brimfield in Massachusetts : adu- 
laria of v^arious colors in Brimfield, Southbridge, &c. in Massa- 
chusetts : labradorite in Essex county, New York, and hyper- 
sthene at the same place : kyanite at Chesterfield in Massachu- 
setts : fluor spar in the northern part of New York ; Satin spar 
at Newbury, &c. precious serpentine at the same place : red 
oxide of titanium at Middletown in Connecticut, ana Windsor 
and Barre in Massachusetts. 

General Inferences, 

Inf. 1. It appears that the axes of aH the principal chains 
of mountains on the globe, are composed of^ primary rocks, 
stratified and unstratified ; while the secondary series lie upon 

29 



838 OXVBRAL 

thm flanks, at a lower level ; and tlie tertiary strata at a stiD 
lower leyeL 

Inf, 2. Hence a similar process of the elevation of conti* 
nents at successive epochs, has been going on in all parts of the 
world. 

Inf. 3. Hence there is every reason to believe that conti- 
nents once above the waters, have sunk beneath them, as those 
now above the waters were gradually raised: for since the 
quantity of matter in the globe has always remained the same, 
its diameter cannot be enlarged permanently ; and therefore as 
one part rose, other parts must sink. 

Inf. 4. Hence the geology of any district that embraces all 
the principal groups of rocks, affords us a type of the geology 
of the globe. This is what we should expect from the uniformi- 
ty and constancy of nature's operations ; and faets show that 
such is the case. 

Inf 5. Hence we have no reason to expect, that new dis- 
coveries in unexplored parts of the earth, will essentially change 
the important principles of geology. Slight modifications of 
those principles are all that can reasonably be expected from fu- 
ti}re researcnes. 
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Folded axis, 36 
Fool's gold, 60 
Formation defined, 32 
Fossil footmarks, 148. Synoptical 

view of, 153 
PossiliferouB rocks, their extent, 87. 

How deposited, 88, 89 
Fourier on heat, 251 
Fox, on metallic veins, 273 
Fracastoro on geolo^, 293 
France, geology of, 307, 308 
Facoides, 107 
Fumerole 226 



G. 



isphere, 19X. Between Ibe tropics, 

194 
Globe, its early hypothetical state, 265 
Gneiss, porphyritic, 67 
Gold, where found, 49, 50. In tho 

United States, 335 
Goldfuss on petrifactions, 297 
Gorge defin^, 33 
Granite, where found, 46 
Graphite, where found, 48 
Graphite slate, 65 

Granite described^ 70 . ha 

Granite, porphyntic and granite, 70 

Graphic of Goshen, 71 
Graywacke system described, 63, 64 
Gray stone lava, 78 
Greece, geology of, 312 . 
Greenland, its shores sinkings 237 
Greenstone, where found, 46. In 

Connecticut and Massachusetts, 29. 

Described, 72. Columnar, 74. And 

basalt, at Giant's causeway and Ti- 



Gabbro, 77 

Gait, 60 

Ganges, delta of, 173 

Gangue of a vein, 270 

Gas springs, 189 

Gay Head, strata of, 58 

Guadaloupe, human skeleton from 

224 
Guatimala, geology of, 327 
Geinc and geates, 221 
Gems in the U. States, 336, 337. 
Geognosy, 13 
Geogony, 13 • 

Geology defined, 13 
Greological maps and sections, 82 
Geology and revealed religion, 280 
Geographical geology, 304 
Germany, geology of, 310 
Geysers of Iceland, &c., 224 
Giant's causeway, 76 
Glaciers, defined, 164. Advance and 

retreat of, 167. Sketches of, 166, 

168, 169, 170 
Glacial theory, 213. Action, ancient, 

194. Period, 200 
Glacio-aqeuous agency, 189. On Holy 
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tan's pier, 75. At Fingal's cave. 
76. At Titan's piazza, ib. Of 
Rowan county. North Carolina, 77. 
Of Hudson river, ib. Columnar, 
their origin, ib. 

Green Sand, analysis of, 60. Use of 
in agriculture, 61. Description of, ib. 

Gres bigarre, 61 . 

Group defined, 32 

Gypsum, where found, 47. . Sought ' 
in the wrong place, 51. How de- 
posited, 225 

H. 

Halloy's classification of rocks, 40 
Hebaid, Rev. Story, specimens from, 

313 
Hensler, his exegesis of the days of 

creation, 284 
Herculaneum buried, 228 
Hindostan, geology of, 319 
Hippopotamus, fossil, 145 
History of geology, 291^ 
Holland^ geology of, 307 
Hooke's theory of the earth, 294 
Hornblende rock, 72 
Hornblende slate, 65. Hornblende 

and Augite identical, 68, 69 
Hornitos, 229 
Hornstone, 72 
Hornstone porphyry, 72 
Horsly, his exegesis, 283 
Horse, fossil, 145 ^^ 

Hovey, Prof, on the *W. Indies, 32ft» 
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Human remains, 97. Skeleton in 
rock, 327 

Homoiock on Holyoke, 207 

Hungary, geology of, 311 

Hutchinson's theory of the earth, 294 

Humus, 221 

Hutton*8 theory of the earth, 295 

Hutton and Lindley on fossil plants, 
297 

Hyena, fossil, 145 

Hydrate of iron, 52, 184. Of Manga- 
nese, 52, 184 

Hydrogen in the earth, 44 

Hyperstheae rock, 72 

I. 

Icebergs, 167 

Ice presenred by lava, 232 

Ichnolithology, 148 

IchnoUtes classified, 153 

Ichthyosaurus, sketch of, 136 

Igneous agency defined, 226 

Iguanadon, fossil, 137 

Iguan, a sketch of, 138 

Inclination of strata, 30 

India further, geology of, 319 

Infusoria, their skeletons, 87. In 

Massachusetts, &c., ib. Living, 

121. Fossil, 122. Sketch of, ib. 
Insects, fossil, 122. . 
Instability the means of stability, 279 
Intensity of geological agencies, 266, 

367 
Internal heat of the earth, 246 
Internal heat, objections to, 261 
interior of the earth, its state, 249, 

257 
Ireland, geology of, 306 
Iron in the earth, 44. Its ores, 49. 

Pyrites, 50. In U. States, 336. 

Mountain in Missouri, ib. 
Islands volcanic, 231. Recent, ib. 
Italian writers, 294 
'^7) geology of, 309 

J. 

Jameson, Prof, his views of creation, 

283 
Japan, geology of, 320 
Joints defined, 20. Their origin, 22 
Jorullo, volcanic, 227 
Jupiter perhaps covered by water 266 

K. 
Keith, his theory of the days of crea- 
tion, 283 



Ejrauea, sketch of, 234 
Knapp, bis exegesis of the history of 
Creation, 285 

L. 

Labrynthydon pachygnathus, Owen's 
sketch of, 151 

Lakes, bursting of, 177 

Lamarck's hypothesis of transmuta- 
tion of species, 93 

Lamination defined, 15. Its origin, 

Lamins of Gneiss, 15. Of clay, 17 

Landslips, 165 

Lapiaz, or furrows, how formed, 171 

Lapland, geology of, 307 

Lava, where round, 46. Described, 
70, 78. Trachytic, ib. Augitic, or 
Basaltic, ib. Greystone, ib. Vit- 
reous, ib. Molten, its character, 
232 

Lead, its ores and situation, 49 

Lead in U. States, 335 

Lebanon, Mt. geology ofl 312 

Leibnitz, his theory of tne earth, ^3, 
294 

Lepidodendron, sketch of, 109 

Lester, on British shells, 293 

Lias described, 61 

Liebig's views, 221 

Lignite, where found, 47 

Lily Encrinite, sketch of, 117 

Lime in the earth, 44, 45 

Limestone, where found, 47. Frim»* 
ry, 66. Mountain, 62 

Lindley, Prof., on fossil [dants, 297. 
His experiments on the preservtttion 
of plants, 114 

London geological society, 297 

Ludus I&lmontii, 20 

Lycopodiaces, 108 

Lyells classification of rocks, 39. 
His theory of ancient climate, 245. 
Of causes in action, 266. Objec- 
tions to internal heat, 262, 263 

M. 

MaccullocVs classification, 38 
Maclure's map of the U. States 82 
Magnesia in the earth, 45 
Mai pais, eruption in, 2*29 
Mammalia, 140. Fossil of U. States, 
Ifc 334 

Mammoth, sketch of, 144 
Man, when first appeared on the 



344 



INDEX. 



earth, 97. The last animal created, 

281 
Man'i geological agency, 2l7 
Manganese, ita use and poaition, 49 
Mantell's claanfication, .«) 
Maps geolodcal, 82. Of Tarioua 

countries, ib. 
Marl, where found, 46. Alluvial, 183. 

Its use and position, 53, 53 
Mastodon's teeth, sketch of] 144 
Matrix of a vein, 270 
Mattioli on organic remains 293 
Megalonyx, 147 
Megalosaurus, 137 
Megatherium, sketch of, 147 
Melaphyre, 72 

Melville Island, geology of, 328 
Mercury, where found, 50 
Mer de Glace, 165 
Merrimack, its alluvial matter, 173 
Metallic veins, character and repletion 

0^270 
Metalloids in the earth, 44 
Metals in the earth, 44. Where 

found, 49. The mode in. which 

they occur, 50. Their distribution. 

Mexico, geology of| 327 

Mica slate described, 66, 67 

Milton, his views of-creation, 286 

Mineral waters, 187 

Minerals defined, 13. In the jocks, 

45. Useful, their situation in the 

rocks, 46 
Mines, temperature o^ 247 
Miocene strata, 57 
Mississippi, delta of, 173 
Mitchell, Dr. S. L., 298 
MoUuBca, living, 125 
Monadnoc, striated rocks Qpon, 205, 

embossed rocks upon, 206. Has 

been scarified, 202 
Monkey, fossil, 145 
Moon, volcanic, 265 
Moraines, recent, 167. Ancient, 194. 

In Truro, 195. In Amherst, and 

N. Adams, 196. At Monument 

Mt. 197 
Mosaic account of creation, 282 
Mososaurus, 136 
Mosses, 107 
Mountain limestone, 62 
Mountains, 14. Of Europe elevated 

at different epochs, 156 
Morchison's dassification, 41 
Muschelkalk, 61 



N. 

Nautilus, 126 
Nebule, their nature, 265 
Neckar on metallic veins, 273 
Nevado de Toluca, volcanic, 228 
New England, its waste, 177, 178 
New Holland, geology of, 321 
New Red Con^omerate, 61 
Niagara falls and river, 176 
Nicaragua, volcano in, 233 
Niger, delta oC 173 
Nile, delta of, 173 
Nitrogen in the earth, 44 
Norway, geology of, 307 
Nova Scotia, ito waste, 177, 178 
Nubia, geologv of) 322 
Nummiute, sketch of, 129 

O. 

Obsidian, 78 

Ocean, its depth, 14 

Ocean, its geological agency, 177 

Old red Sandstone, 62 

Omalius D'Halloy's classification of 
rocks, 40 

Oolitic system described, 60 

Ophicalce, 77 

Ophiolite, 77 

Ophite, 77 

Order of creation, table of, 96 

Oiganic remains described, 83. How 
preserved in the rocks, 84. Deter- 
mined, 85. Classification of^ ib. 
Mostly marine, 86. Amount of in 
the rocks, ib. Height of above the 
sea, ib. Distribution of, 87. In 
different formations, 89. How far 
they identify strata, 91. Tabular 
view of, 92. Vertical range of, 98. 
Compared with living species, 102. 
Number of species o^ 103. Tropi- 
cal in high latitudes, ib. Descnp- 
tion of particular species of, iCo. 
Not contemporaries of existing spe- 
cie, 159 

Ornithichnites, 150 

Orinoco, delta of, 173 

Ornithoidichnites, sketch o£151 

Orthoceratites, sketch o^ 128 

Oryctology, 83 

Ox, fossil, 145 

Oxygen in the earth, 44 

P. 

Pachydermata, extinct, 143 
Palasoniscus, sketch of, 134 
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Palsontological classificfttioD, 41. 
Chart, 101 

Palsontology, 83 

Paisotherium, sketch of^ 143 

Palestine, geology of, 3l3 

Palisadoes, 77 

Pallas, on geology, 295 

Papandii^ang, volcano of, ^9 

Parker, Hev. Mr. his tour, 235 

Parrot, his objections to internal heat, 
262 

Patrick, Bishop, his views of creation, 
286 

Pear encrinite, sketch of, 118 

Peat, 47. How formed, 221. Ana- 
lysis of, 223 

Pegmatite, 70 

Pele's hair, or volcanic glass, 79 

Pentacrinite, Briarean, 117 

Peperino, 78, 79 

Period geological defined, 55 

Penods of geology, long, 161 

P< {iods of organic being on the globe, 
94 

Perkins, Rev. Justin, specimens from, 
318 

Persia, geology of, 317 

Petrifaction, its nature, &e, 84. Re- 
cent, ib. 

Petroleum, 185 

Petrosilex, 72 

Phillips, Prof John, his classification 
of rocks, 40. Unstratified do. 69 

Phonolite, 72 

Physico-theolo^cal school, 294 

Pic, volcano of, 229 

Purgatories, of Newport, R. I., 179 

Pitch lake in Trinidad, 185, 327 

Pitchstone, 78 

Plans of the Deity as shown by geol- 
ogy, 279 

Platers's giant, 293 

Platinum, where found, 49 

Playfair's illustration, 296 

Plesiosaurus, sketch of, 136 

Pliocene strata, 57 

Plot on organic remains, 293 

Plutonic rocks, described, 70 

Po, delta of, 173. Embankments on, 
218 

Poisson's objections to internal heat, 
264 

Poland, geology of, 311 

Polynesia, geology of, 321 

Polyparia, agency of, 218 

Polypi or Polyparia, sketch of, 119 | 



Polypodichnites, 153 

Polythalamia chalk, formations in, 
From Pyramid of Cheops, 314. 
West side of Anti-Iibanus, ib. Of 
near Damascus, ib. Of Mount of 
Olives, ib. Of Beyroot, ib. 

Polythalamia chalk, sketches by Pro£ 
Bailey, 315, 316. 

Pompeii buried, 229 

Popocatapetl, 233 

Porphyry^ described, 72. Pyroxenic, 
73. Where found, 46 

Portugaj, geology of, 309 

Potassa in the earth, 45 

Precious stones in diluvium, 57 

Primary conglomerates, 58. Plutonie 
rocks, 80. Rocks defined, 35. Den 
scribed, 64. Their origin, 257 

Producta, sketch of, 130 

Protoiffne, 64 

Providence of God over the world, 275 

Provinces Botanical and Zoological, 
87 

Pterodactyle, sketch of, 139 

Pyroxenic Porphyry^ 73 

Pythagoras, his views of geology, 293 

a 

Gtuaquarenal dip, 34 
Gtuartz Rock, 65 

R. 

Radiata, 115 

Raindrops, impression of on stone, 
152 

Ray's theory of the Earth, 294 

Recent Plutonic rocks, 80 

Red River "Raft, 223 

Red Sandstone, 61. Of Nova Scotia, 
N. England, New Jersey, &c. 332 , 

Reptiles, 134 

Rhinoceros, fossil, 145 

Rhone, delta of, 173 

Rivers, their agency, 172 

Robinson, Dr. on the cities of the 
plain, 2i41 

Rock salt described, '54. In Persia,' 
ib. Where found, 47 

Rocking stones, 56. In Barre, ib. In 
Fall River, ib. 

Rocks, chemical composition of, 43, 45. 
Defined, 13. How worn down, 
1T3. Primary, stratified, their ori- 
gin, 257, 259. Useful, their situa^ 
tion in the earth, 46. Embossed, 
206 
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Rockf , ttriated, 170, 171, 300, 903 
Roman cement, 20 
Roxet's claseification, 40 
Riuiia, geology of, 311 

S. 

Sauriang, foMil, 134 

Saoroidichnites, 150 

Salifiurous system, described, 61 

Salt rock, its origin, 225. In Siberia 
and Mexico, ib. Salt springs, 188 

Sandwich islands, volcanic, 2& 

Saturn covered by a fluid, 266 

Saussure on the Alps; 295 

Scheuchzer on fossil fishes, 293 

Schools of mines, 295 

Sclavonia, geology o( 311 

Scorpion, &sil, 123 

Scotland, geolc^ of, 305 

Seals, their number, 218 

Seam defined, 15 

Secondary Plutonic rocks, 80. Se- 
condary rocks defined, 35. De* 
scribed, 59 

Section, ideal of the earth's crust, 23 

Sections geological, 82 

Sedgwick on metallic veins, 272 

Sedgwick's classification of rocks, 41 

SedimentuT rocks, 58 

Septaria, 20 

Strope's classification of unstratified 
rocks, 69 

Serpentine, 66, 77. Where found, 

Seybert, Dr., 298 

Shark, fossil, 132 

Shark's tooth, sketch of, 133 

Shells, chambered, 126. Microscopic, 

87. Their vertical range in the 
. strata, 100. The number of living 

and fossil, 103 
Siberia, geology of, 318 
Syenitic ffreenstone, 73 
Syenite described, 70. Where found, 

46 
Sigillaria, sketch of, 110 
SiBca in the earth, 44, 45 
SUiceous Mari, 53. Smter, 53, 184 
Silliman, Prof., his journal, 298, 299 
Silurian system described, 63 ^ 
Silver, where found, 50 
Simple substances in the earth, 43 
Siniate, 72 
Sinter, siliceous, 184 
Sivatherium, 145 



Skaptar Joknl, quantity of lava thrown 

from, 230 
Skiddau, system of, described, 64 
Slime pits near the Dead Sea, 241 
Smith, Dr. J. P. hia views of creation, 

287 
Smith, Wm., hb labors, 296 
Soda in the earth, 45 
Soil, its composition, 52 
Soils, a pT09r of divine goodness, 276 
Solfatara defined, 226 
Somna, 229 

South America, geology of, 332 
Southern Africa, ecology of, 323 
Soworby, on fossil shells, 297 
Spain, geology of, 308 
Species had once a wider range, 69(i 

Their distribution, &c., 90 
Spiders, fossil, 123 
Spirifer, sketch of, 130 
Spirula, 127 
Springs, gas, 189. Phenomena o^ 

185. Salt in the United Sto es, 

188. Their origin, ib. 
St. Croix, ^^o^ of, 327 
Stabis buned, Wd 
Steatite of N. England, 66 
Steneosaurus, 139 
Stigmaria, sketch of, 111 
Strabo on geology, 292 
Strata bent, 18. Elevation of, 32. 

How identified, 91. Overturned in 

N. England, 36. In the Alps, 35. 

Their thickness, how known, 67. 

In England, 86. Europe, 67. Penn* 

sylvania, ib. Tauris d8 
Stratification, defined, 15 
Stratified rocks, deposited firom water, 

58 
Strike of strata, 30 
Stromboli, 233 

Structures in rocks, how caused, 22 
Subsidence on Columbia river, 235. 

Other cases, 237 
Subterranean forests, 113, 237 
Sulphate of lime, deposited firom w)a- 

ter, 52 
Sulphur in the earth, 45 
Sumabawa, eruption in, 228 
Sun, its present supposed state, 265 
Superposition of fossiliforous rocks, 

35. Primary, ib. 
Survey, geological, of Arkansas, 300. 

Of Connecticut, 301. Of Dela- 
ware, 302. Of England, 303. Of 

France, ib. Of Georgia, 302. Of 
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Indiana, ib. Of Iowa, 303. Of 
Kentucky, 303. Of Maine, 301. 
Of MassachuBetts, 300. Of Mary- 
land, ib. Of Michigan, 302L Of 
New Jersey, 300. Of New York, 

301. Of North and Soath Carolina, 
299,300. Of Ohio, 301. Of Penn- 
sylvania, ib. Of Rhode Island, 

302. Of Tennessee, 300. Of the 
Erie Canal, 303. Of Virginia, 301 

Sweden, geology of, 307. Its shores 
rising, §37 

Switzerland, geology of, 310 

Synclinal axis, 33 

Syria, geolflgy of, 312 

Syria and Palestine, limestone from, 
314 

System of things the same in all 
ages, 275. Present had a beginning, 
ib. 

Systems of elevations, 157. Of or- 
ganic beings on the globe, 275 

T. 

Tacosa, volcanic, 228 

Talcose, slate, 65 

Tartary, seology of; 318 

Taylor, Jeremy, his views of death, 
291 

Teleosauri, 139 

Temperature of the globe from exter- 
nal sources, 247. Internal, do., 
246 * ' . ' 

Terebratula, sketch of, 130 
Terrain defined, 32 
Tertiary strata, defined, 35. Describ- 
ed, 57. Plutonic rocks, 80 
Tetrapodichnites, 153 
Thermal Springs, 238, 248 
Thibet, geology of, 319 
Tides, their geological effect, 188 
Time, geological and chronological, 

Titan's pier, 75 

Toadstone, 74 

Toads preserved in rocks, 83 

Tortoises, fossil, 140. Tracks of, 149 

Totten, his experiments on the expan- 
sion of rocks, 255 

Trachyte described, 73 

TrachyClc lava, 78. Porphyry, 73 

Tracks, human, 152. Of animals^ 
149. How preserved, 152 

Transition rocks, 35 

Transylvania, geology o^ 311_ | 



Trap rocks, 73. West of Rocky 

Mountains, 77. Tuff, 78 
Travertin, 53. How formed, 183 
Tree ferns, 106 

Trilobites, fossU, 123. Sketch o( 125 
Trinidad, pitch lake in, 185 
Tufiu:eou8 conglomerate, 78 
Tuff, 78. Volcanic, ib. 
Turkey, in Asia, geology, 313. In 

Europe, ib. 

U. 

Ulodendron, sketch of, 110 
Uniformity of nature, 161, 164 
United Stat^, geology of, 319 
Unstratified rocks, 15. Lithological 
character of, 68. Of igneous ori- 
mn, 242, 243. Their fusibility, 79. 
Their mode of occurring, 24 

V. 

Valley of the Mississippi, geology of 

Valleys, how formed, 33, 276. Of de- 
nudation, 174. Of elevation, 176. 
Of subsidence, ib. Of the Con- 
necticut, 175. Terraced, 174. 
Transverse and longitudinal, 173 
Variegated marl described, 61 

Vegetabk life when begun, 94. Re- 
mains, 95. In the newer strata, 
97. In the carboniferous strata, 
95 

Veins defined, 24. In Beverly, 27. 
In Chester, 30. In Cohasset, 27. 
In Colrain, 29. In Conway, ib. 
In Cornwall, Eng., 25. In Salem, 
28. In Westhampton, 26. Me- 
tallic, their width, 270. How filled, 
272. In Cornwall, sketch of, ib. 
Most productive near unstratified 
rocks, 271. Rocks traversed by, ib. 
Of injection, 26. Of Mjpegation, 
25. Their relative age, 26. 

ViUarica, 233 

Volcanic action, defined, 226. Hy- 
pothesis of 252. Agency beneficial, 
278. Breccia, 78. Craters, ancient, 
241. Glass of Sandwich Islands. 
79. Power, its seat, 235. Tuff, 78 

Volcanos central, 237. Elxtinct and 
active. 227, 239. In lines, 226. 
Products of, 79. Submarine and 
arial, 226. Their number, 229. 

Von Buch on Craters, 2»f 
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Wacke described, 74 

Ward, Dr. on fossil footmarks, 157 

Water, its distribution, 276 

Watt's experiments on Basalt, 77 

Waves, their effect, 177 

Weaver's Mr. observatory, 314 

Wells artesian, 186 

Werner's Theory of the earth, 296. 

Of veins, 2^ 

West Silica seoloffy o£ 332, Indict, 
326 » ^^ -» 



iWhitsunday Isle, sketch of, 220 
Woodward's theory of the earth, 294 
World had a beginning, 275. Ita 
supposed eternity, 274 



Z. 

Zechstein, 61 

Zinc, its ores and situation, 49 
Zyophytes, their yertical range in th« 
strata, 96, 99 
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ADDENDA. 



Note A. 

The true amount of the depression of the Dead Sea, has at length been 
settled by a trigonometrical survey, by Lieut. Symonds, and found to be 
1311 feet. That of the Sea of Tiberias is 328 feet. Murchison's Anmver- 
sa?-y Address before the Land. Geol. Society for 1843, p. 102. The same au- 
thority states the depression of the Caspian, below the Mediterranean to be 
only 82 feet. Lake Oroomiah in Persia, is elevated nearly 4000 feet above 
the Black Sea, and contains nearly as much salts as the Dead Sea. lyanS" 
actions of the Asso. of Amer. GeobgisLs and NaturalislSf vol. 1. p. 403. 

Note B. 

AH geoli^sts agree that coal has resulted from vegetables : but the man- 
ner in which the beds have been formed, is one of uve most difficult prob- 
lems in geology. Three hypotheses are maintained. — 1. Some suppose the 
plants were carried by rivers into estuaries and covered by deposits of mud. 

2. Others suppose the beds were produced on the spots where the plants 
grew, and that the shale and sandstone between the beds were deposited by 
the subsidence of the country beneath the waters, and that the successive 
coal seams resulted from the subsequent elevation of the spot above the wa- 
ters, so that a new race of plants might grow upon it. Mr. Logan finds in 
most coal fields, that the beds are underlaid by a shale, caXLe^ fireclay^ con- 
taining Stigmariae in abundance, with the leaves upon them, stan(&ig evi- 
dently where they grew. In such cases it can hardly be doubted, but this 
second hypothesis is the true one. Murch. An. Ad. for 1843. p. 73. 

3. Others unite those hypotheses, and maintain that coal was sometimes pro- 
duced in one way, and sometimes in the other, and sometimes by both modes 
united; for Mr. W. 0. Williamson finds marine shells, often associated 
with coal, and the plants much broken and mixed with sandstones and grits. 
SaTue Address, p. 80. 

Note C. 

Capt. Alexander Gerard has found petrified ammonites on the confines of 
Chinese Tartary, at the height of 16,200 feet. In Thibet he found millions 
of fossil shells at the height of 17,000 feet, which had been detached from 
peaks still higher. Buclaand^s Anniv. Ad. before Land. Geol. Soc. 1840, 
p. 65. 

Note D. 

A specimen of the human skull has lately been described, converted into 
a substance intermediate between lignite and an earthy oxide of iron. Its 
locality is not mentioned in the only account I have seen of it in the work 
mentioned below. Its occurrence does not invalidate the statements in the 
text, since the earthy oxide of iron is usuaUy an alberial formation. Mox- 
on's GeologUtfar July, 1842, p. 221. 
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Note E. 

It will (^ve a striking idea of the rapid progress of fossil geology, to state 
that Agassiz now reckons more than 1700 species of fossil &h. BucJdand^s 
Amuv. Address before L/md. Geo. Soc., 1841, p. 51. 

NoteJP, 

Mr. Lyell, in a paper read to the London Geological Societj in January 
1843, endeavoured to show that the remains of the mastodon giganteum and 
associated fossdis at Big Bone Lick and other localities in the United States, 
were deposited long after the drift period. Moxon's Geologist for August^ 
1843, p 169. 

NoteG. 

The subject of fossil footmarks and rain drops continues to excite a deep 
interest among geologists, and new localities are being frequently discovered 
on both sides of the Atlantic. Before the British Association for the Ad- 
vancement of Science in 1842, Mr. Hawkshaw described several species of 
tracks on new red sandstone at Lymm, in Cheshire, England. Tney vary 
in size from half an inch to ten inches long, and many of them showed the 
marks of the papills or roughness on the skin of the animal's foot. Geolo- 
gist for Sevt. 1842, p. 298. A similar case was described by me as to th3 
largest of the footmarks in the valley of the Connecticut in my Report on 
the Greology of Massachusetts. M. Feldman has lately described several 
species of tracks, some of them more than ten inches long, on the new red 
sandstone near Jena in Germany. Some of them are tn-digitate, or three 
toed, and others are of a horse shoe form. Geologist Jem, 1843, p. 18. W. 
C. Redfield, Esq., has recently discovered a species of omithoidichnites (O. 
tuberosus) with rain drops in the new red sandstone of New Jersey, Am. 
Jour. Sci. Jan. 1843,-p. 134. Mr. Logan has discovered footsteps of a spe- 
cies of reptile in the sandstone lying beneath* the productive coal measures 
of Nova Scotia. Am Jour. Sd. for Oct. 1843, p. 358. 

But the most interesting fact on this subject, and one of the most remark- 
able in fossil zoology, written the present century, is the discovery of the 
bones of a huge bird in New Zealand^ which has not been extinct there 
more than 200 years. This has removed, or greatly lessened, the two grand 
objections against admitting the omithoidichnites of New England to be the 
real tracks of birds. The first objection was, the great size of some of 
these tracks ; and the other was, that animals of so high an organization as 
burds could not have lived so earlyas the red new sand stone period. Mr Richard 
Owen, who restored this gigantic New Zealand bird several years ago from 
a single bone, and who sustains so worthily the mantle of Cuvien, after 
having examined a large part of a skeleton sent by English Missionaries, 
thus expresses himself on the subject. — " The metatorsal bone of this bird, 
which I have called the Dinomis Novee ZeaUmdioi, is fully large enough 
to have sustained three toes of the sive of those of the omithichmtes 
gigarUeiis of Prof Hitchcock. It seems to me most reasonable therefore, to 
conclude that the Ornithichnites are the impressions of the feet of birds, 
which had the same low t3rpe of organization as the Aptenga and Dinomis 
of New Zealand ; and these latter may be regarded as the last remnants of 
an apterous race of birds, which seemed to nave flourished at the epoch of 
the New Red Sandstones of Connecticut and Massachusetts." Amer. Jour. 
Science, May 1843, p. 186. Similar opinions have been recently expressed 
by several other eminent men in Europe, such as Dr. Mantell, Mr. Lyell, 
and Mr. Murchison. Seethe Ann. Add. of ike latter for 1843, p. 104, and 
then Ann. Jour. Scien>ce for May and Oct. lS43, pp. 184 and 396. 
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Another very mteiefitiiig ftct respecting the New England fitotmarks, is 
the recent discovery, at Cnicopee Falls in Springfield, Mass. of the Copro- 
lites of the animals that made them. These nave been analyzed with great 
care And skill, b^r Dr. S. L. Dana, and found, not only to be copolites, but 
to contain uric acid : — a &ct which renders it quite probable that they^ere 
produced by birds, since the solid excrement of but few animals, except 
birds, contain that substance. A detailed account of these coproUtes and 
their analysis will ere long be given to the public. 

Five new species of the footmarks of Connecticut valley are described in 
the Transactions of the Association of American Greoloeists and Naturalists, 
1843. Three of these belong to a tribe of birds that had winged toes and 
winded daws, like the living Grabe and Coot; and I have placed them un- 
der the new division of PSrodadyU, or tni^-ioed^ A few other new spe- 
cies are yet undescribed. 

If any are not satisfied from the reasoning I have given in page 153 of 
this volume, that the supposed human footsteps on a stone near St Lewis, 
are artificial, let them read the luminous paper on this subject by Mr. R. 
Dale Owen, in Am. Jour. Science, for July 1842, and they can no longer 
doubt. 

N<aeH. 

5000 feet in the White Mountains is the highest point yet discovered in 
this country where we find distinct marks of ^lacio-aqueous agency ; and 
we know of no higher point that can be exammed on the eastern side of 
this continent. But in Europe it is found that this agency is limited up- 
wards. Thus in the Ghrimsel, one of the peaks of the Alps, it does not ap- 
pear above the height of 7475 feet, and near the Great St. Bernard, above 
ol25 feet. It is found, also, Uiat " the highest limit of the erratic zone" is 
inclined at an angle vai3ring from a few minutes of a degree to two and a 
half degrees. Geologist for Dec, 1842, p 358. 

NoUI. 

It may reasonably be questioned, whether geologists have not too hastily 
decided that none of the phenomena of drift were the result of Noah's de- 
luge, when we find so emment a geologist as Professor Sed^ick using such 
language as the follovnng : " I see no reason," says he, " &t supposing that 
the movement of the great boulders necessarily took place before the exis- 
tence of the human race. On this question there seems no direct or conclu- 
sive evidence leading to one side or the other. If we have the clearest 
proofi of great oscillations of sea level, and have a right to make use of them 
while we seek to explain some of the latest phenomena of geology, may we 
not reasonably suppose that v^thin the period of human history, similar os- 
cillations have taken place in those parts of Asia w^ch were the cradle of 
our race, and may have produced mat distinction among the early families 
of men, which is described in our sacred books, and of which so many tra- 
ditions have been brought down to us through the streams of authenticjiis 
tory." ChaOogy of the Lake District, 4»c. Kendal, 1843, p 13 and 14. 
facts give increased plausibility to these suggestions. The first is that some 
very able philologists as well as geologists, (ex. qr. Dr. John Pye Smith in 
his work on the Relation between the Holy Scriptures and some parts of Cft'o- 
logical Science) think it consistent with the language of scripture, to suppotjc 
Noah' s deluge not to have been universal as to the earth, but only as to the 
human race. The second part is the recent publication of a very able work, 
by M. Dubois de Montpereux, on the geology, &c., of the Caucasus. He 
has shown conclusively, that very great elevations and subsidences have 
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taken place in Che Tast region lying in Tarkey, Persia, and RiMsia, between 
the Black and Caspian Seas : that Ararat shows streams of lava upon its 
flanks, which must have flowed since the land assumed its present configu- 
ration ; and " afler speaking of the superb garland of volcanic cones, whose 
sumfAits, ranging from 12,000 to 17,000 feet above the sea, surround the great 
desiccated basin of Central Armenia, he allows himself to speculate on the 
letting off of former inland seas and lakes, by the waters of which our pro- 
genitors may have been destroyed." Murchiion^s Ann. Add. before the Lon. 
GeoL Soc. 1843, p. 65. 

NoUIL 

See the last note, especially that part relating to the geology of Central 
Aimenia, whieh certainly lends plausibility to Dr. Smith's views. 

NoUL, 

The annual produce of the mines of Great Britain is stated by Dr; 
Buckland in 1840, to be £20,000,000 sterling in value ; — or nearly 
15100,000,000. Of this, 8,000,000 pounds are derived from iron,and 9,000,000 
pounds from coal. Buckland's Ann. Add. for 1840 before ike Land. Geol 
Soc. p. 21. 
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